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CELLULAR PHONE SYSTEM AND MOBILE
COMMUNICATION TERMINALS AND BASE
STATION CONTROLLING APPARATUS IN
THE SYSTEM AND METHOD CHANGING
OVER TO DIFFERENT FREQUENCY IN THE
SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a cellular phone system
and mobile communication terminals 1n the system and a
base station controlling apparatus in the system and a
method changing over to a different frequency 1n the system.

DESCRIPTION OF THE RELATED ART

At a cellular phone system using a CDMA (code division
multiple access) system, 1n order to increase the capacity of
channels, 1ts transmission power 1s controlled. Generally, the
transmission power 1s controlled by using a value of SIR
(s1ignal to interference power ratio) showing in the following
equation (1).

SIR=S/(I+N) (1)

In this, the S signifies desiring wave signal power, the I
signifies interference power per band, and the N signifies
noise per band.

At the control of the transmission power, the reception
side measures the reception SIR shown 1n the equation (1).
When the measured result 1s smaller than a target SIR, the
reception side requires the transmission side to increase the
transmission power, and when the measured result 1s larger
than the target SIR, the reception side requires the transmis-
sion side to decrease the transmission power. With thas, 1ts
channel quality can be controlled 1n a certain value and the
capacity of channels can be increased.

Further, at the cellular phone system using the CDMA
system, 1n case that plural frequencies are allocated, a
technology, which changes over 1ts carrier frequency to a
different carrier frequency, 1s 1important.

Generally, 1n order to increase the frequency utilization
eiliciency, the technology changing over to the different
frequency has a purpose that a call drop phenomenon caused
by the deterioration of the channel quality in the currently
using carrier frequency 1s avoided.

First, the technology changing over to the diflerent fre-
quency 1s explained 1n the viewpoint of the system structure.
In the explanation of prior arts, drawings showing 1in FIGS.
1 to 6, which are the drawings at embodiments of the present
invention, are used.

In FIG. 1, the structure of a cellular phone system, in
which two carnier frequencies are used 1n one service area,
1s shown. In FIG. 2, the positions of the carrier frequencies
in the upstream channel and the downstream channel are
shown.

In FIG. 1, a mobile communication terminal 30 can
connect 1ts channel to any of base stations 10, 11, 20, and 21.
The carnier frequency, which the mobile communication
terminal 30 uses in the channel with the base stations 10 and
11, 1s a carrier frequency 101 at the upstream channel and a
carrier frequency 103 at the downstream channel shown 1n
FIG. 2. And the carner frequency, which the mobile com-
munication terminal 30 uses 1n the channel with the base
stations 20 and 21, 1s a carrier frequency 102 at the upstream
channel and a carner frequency 104 at the downstream
channel shown 1n FIG. 2. And the control changing over to
the different frequency, whether the mobile communication
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terminal 30 connects to the base stations 10 and 11 or the
base stations 20 and 21 during 1ts communication, 1S con-
trolled by the mobile communication terminal 30 or a base
station controlling apparatus 60.

Next, a control method changing over to a different
frequency 1s explained. In FIG. 1, 1t 1s assumed that the

channel of the mobile communication terminal 30 has been
connected to the base station 10 as an initial state. At this
time, at the downstream channel of the mobile communi-
cation terminal 30, the currently using carrier frequency 1s
103, and the carrier frequency to which the carrier frequency
1s changed over 1s 104. And at the upstream channel, the
currently using carrier frequency i1s 101, and the carrier
frequency to which the carrier frequency 1s changed over 1s

102.

At this time, the mobile communication terminal 30
measures the reception quality (Q_1 at the broadcast channel
of the currently using carrier frequency 103 and the recep-
tion quality Q_2 at the broadcast channel of the carrier
frequency 104 to which the carrier frequency i1s changed
over being the different frequency, and compares the mea-
sured results. And at the time when the difference between
the reception quality (Q_1 and Q_2 satisfies the following
condition, the changing over to the different frequency 1is
executed.

The changing over to the different frequency signifies that
the carrier frequency using currently 1s changed over to a
different frequency. In this case, at the downstream channel,
the carrier frequency 1s changed over from the carrier
frequency 103 to the carrier frequency 104, and at the
upstream channel, the carrier frequency is changed over
from the carner frequency 101 to the carrier frequency 102.

At the 1nequality showing in (2),

O 2-0 1>Th_ HO (2)
the Th_HO signifies a judging threshold value at the control
of changing over to a different frequency, and the value of
the Th_HO 1s positive. Generally, at the inequality (2), the
smaller the value of the Th_HO 1s, the smaller the probabil-
ity generating a call drop becomes. However, the load
controlling the changing over to the different frequency 1is
increased when the value of the Th_HO 1s set to be small.

Therefore, an optimum value 1s set as the value of the

Th_HO.

Generally, at the cellular phone system using plural carrier
frequencies, the mobile communication terminal in the
system uses one oscillator from the viewpoint of low power
consumption, and the oscillating frequency of the oscillator
1s changed, when 1t 1s needed. Under this structure of the
mobile communication terminal, when the reception quality
of the carrier frequency to which the carrier frequency 1is
changed over, 1s measured, there 1s a following problem due
to the one oscillator. That 1s, the mobile communication
terminal cannot receive data from the currently using carrier
frequency while the mobile commumication terminal 1is
measuring the reception quality of the carrier frequency to
which the carnier frequency 1s changed over.

Therefore, at the system, 1t 1s necessary that 1ts transmit-
ting wavetorm has been formed, at the state that data vacant
time for measuring the reception quality of the carrier
frequency to which the carrier frequency 1s changed over 1s
kept beforehand. In case that the communication speed 1s a
constant, 1n order to make the data vacant time, a data
compression technology, by which the data vacant time 1s
made, 1s required.
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Generally, at the data compression technology, the trans-
mission data are compressed 1n the time by using a method
lowering its diffusion rate or a method making its coding rate
higher by that a part of coded data 1s not transmitted. At the
data compression technology, when it 1s compared with a
case 1n which the data compression technology is not used,
the error correction ability at the reception 1s deteriorated,
and the utilization efliciency of frequency 1s lowered. There-
fore, 1t 1s not desirable that the ratio of the data vacant time
to the communication time becomes high. Hereinafter, the
ratio of the data vacant time to the communication time 1s
referred to as the ratio of the data vacant time.

As mentioned above, at the time of measuring the differ-
ent frequency, 1t 1s desirable that the timing of changing over
to the diflerent frequency 1s judged accurately 1n a low ratio
of the data vacant time. In order to lower the ratio of the data
vacant time, the following improved control methods are
used 1n the conventional technologies.

In FIG. 3, at the downstream channel for the mobile
communication terminal 30, the wavelorm of the reception
quality Q_1 of the broadcast channel at the currently using
carrier frequency and the waveform of the reception quality
(Q_2 of the broadcast channel at the carrier frequency to
which the carrier frequency 1s changed over are shown.

Referring to FIG. 3, a first conventional improved control
method 1s explained. In the first conventional improved
control method, the range of measuring the different fre-
quency 1s limited. In FIG. 3, 1n order to decrease the data
vacant time at the time when the different frequency 1s
measured, the mobile communication terminal 30 starts to
measure the different frequency at the time t1 or t3, when the
reception quality (Q_1 of the broadcast channel at the cur-
rently using carrier frequency satisfies the following
inequality (3).

Q_1<Th_start (3)

After this, the mobile communication terminal 30 ends
the measurement of the different frequency at the time 12,
when the reception quality Q_1 of the broadcast channel at
the currently using carrier frequency satisfied the following,
inequality (4). Or the mobile communication terminal 30
ends the measurement of the different frequency at the time
t4, when the inequality (2) was satisfied, at the same time the

control of the changing over to the different frequency 1is
started.

Q_1>Th_end (4)

In this case, the judging threshold values Th_start and
Th_end 1n the mequalities (3) and (4) are desirable to have
a margin satistying the following mequality (35).

Th_end-1h_start>0 (5)

In the mequality (3), the larger the difference between the
Th_end and Th_start 1s, the larger the margin becomes. By
the concept mentioned above, the range of measuring the
different frequency 1s limited by using the judging threshold
values Th_start and Th_end. With this, when 1t 1s compared
with that range of measuring the diflerent frequency is not
limited, the ratio of the data vacant time can be decreased.

In a second conventional improved control method, the
measurement of the different frequency 1s executed by
detecting the change of the transmission power in an indi-
vidual channel. At the second conventional improved con-
trol method, the ratio of the data wvacant time can be
decreased more than that at the first conventional improved
control method. At the second conventional improved con-
trol method, the measurement of the different frequency 1s
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4

started or stopped by using the detected results of the change
of the transmission power in the individual channel.

This second conventional improved control method 1s
explained 1n detail. When the reception quality QQ_1 of the
broadcast channel of the currently using carrier frequency at
the mobile communication terminal 30 1s within the range of
measuring the different frequency at the first conventional
improved control method, the base station controlling appa-
ratus 60 measures the change of the transmission power
Delta Tx Pow of an individual channel to the mobile com-
munication terminal 30 from a base station connecting to the
mobile communication terminal 30. And the measurement
of the different frequency 1s started at the time when the
following 1mequality (6), in which the change of the trans-
mission power Delta_Tx_Pow of the individual channel 1s
larger than a judging threshold value Th_Delta_Tx_Pow,
was satisfied, and the measurement of the difterent fre-
quency 1s executed for a predetermined period.

Delta_Tx_Pow>Th_Delta_Tx_Pow (6)
In this, the change of the transmission power Delta_Tx_Pow
of the individual channel 1s the difference of the transmission
power Tx_Pow of the individual channel between the time
t aand t_b (t_b-t_a>0).

The mequality (6) mentioned above has the same basic
concept that the following mequality (7) has.

Delta. Tx_Pow<Th_Delta Tx Pow (7)

That 1s, the measurement of the different frequency 1s not
started at the time when the inequality (7), in which the
change of the transmission power Delta_Tx_Pow of an
individual channel 1s smaller than the judging threshold
value Th_Delta_Tx_ Pow, was satisfied, and the measure-
ment of the different frequency 1s not executed for a prede-
termined period.

Next, the qualitative explanation about the effectiveness
of the conventional first and second improved methods 1s
executed. As mentioned above, at the cellular phone system
using the CDMA system, the transmission power 1s con-
trolled in the individual channel. At the downstream chan-
nel, the mobile communication terminal measures the SIR
shown 1n the equation (1) of the signal transmitted from the
base station. When this measured reception SIR 1s smaller
than a target SIR, the mobile communication terminal
requests the base station to increase the transmission power.
And when this measured reception SIR 1s larger than the
target SIR, the mobile communication terminal requests the
base station to decrease the transmission power. With this
operation, the capacity of the channels 1s increased.

The cause of the deterioration of the reception SIR 1s
cither case that the desiring wave signal power S 1n the
numerator of the equation (1) was lowered, or that the (I+N)
in the denominator of the equation (1), which the sum of the
interference power 1 per band and the noise power N per
band, was made to higher.

Moreover, as the cause of the decrease of the reception
SIR, 1t can be considered that the desiring wave signal power
S was lowered by that the propagation loss between the base
station and the mobile communication terminal was
increased 1n a situation that the decrease of the desiring wave
signal power S being the numerator of the equation (1) has
been dominant.

Further, as the cause of the decrease of the reception SIR,
it can be considered that the cause of the increase of the
(I+N) of the denominator of the equation (1) 1s a case that
the interference power per band I was increased, when the
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noise power per band N 1s assumed to be a constant, 1n a
situation that the increase of the (I+N) has been dominant.

From the explanation mentioned above, as the cause of
the decrease of the reception SIR 1n the equation (1), two
cases can be considered. That 1s, one case 1s that the
propagation loss between the base station and the mobile
communication terminal was increased, and the other case 1s
that the reception interference power at the mobile commu-
nication terminal was increased.

As mentioned above, at the downstream channel, the
increase ol the transmission power transmitting from the
base station in the individual channel signifies that the
reception SIR at the mobile communication terminal has
been decreased. The cause can be considered that the
propagation loss between the base station and the mobile
communication terminal was increased, or the reception
interference power at the mobile communication terminal
was 1ncreased.

By the reason mentioned above, 1n a case that the change
of the transmission power ol an individual channel 1 a
period T 1s large in the positive direction, 1t can be consid-
ered that the reception SIR at the mobile communication
terminal 1n the period T was decreased. That 1s, 1t can be
considered that the interference power was increased or the
propagation loss was increased. By using the information of
the change of the transmission power of the individual
channel for the object to decrease the ratio of the data vacant
time, the following advantages can be considered.

At the conventional first improved method, 1n case that
the reception quality (Q_1 of the broadcast channel of the
currently using carrier frequency 1s within the range of the
measurement of the different frequency, the measurement of
the diflerent frequency 1s continued. In this case, even when
the reception quality (Q_1 of the broadcast channel of the
currently using carrier frequency at the current time has been
improved, compared with the reception quality Q_1 at a past
time, the measurement of the different frequency 1s contin-
ued 1f the reception quality Q_1 1s within the range of the
measurement of the different frequency.

The measurement of the different frequency in this case 1s
not necessary, because the reception quality has been
improved, compared with that at the past time. In order to
decrease this unnecessary measuring time of the different
frequency, the measurement of the different frequency is
controlled by using the information of the change of the
transmission power of the individual channel shown 1n the
inequality (6). When the change of the transmission power
of an individual channel at a period T has become positive,
as 1ts dominant cause, 1t can be generally considered that the
reception quality of the broadcast channel has been deterio-
rated 1n case that the reception interference power at the
mobile communication terminal has increased.

Theretfore, the measurement of the diferent frequency 1s
executed at the time only when the reception quality of the
broadcast channel at the current time was deteriorated,
compared with that at the past time. Consequently, the
unnecessary measurement of the different frequency is not
executed, and the ratio of the data vacant time 1s decreased.

Next, a case, 1n which a mobile communication terminal
1s within the range of the measurement of the different
frequency and does not move, 1s assumed. In this case, the
mobile commumication terminal remains stationary, there-
fore, when the interference by another user 1s not increased,
the reception quality of the broadcast channel becomes a
constant. The measurement of the different frequency 1s not
necessary 1n a state that the reception quality 1s a constant.
Consequently, at only the conventional first improved
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method, although 1n a case that the reception quality does
not change but the mobile communication terminal 1s within
the range of the measurement of the different frequency,
therefore the unnecessary measurement of the different
frequency 1s continued, and the ratio of the data vacant time
1s 1ncreased.

Further, at the conventional second improved method, 1n
case that the mobile communication terminal does not move,
when the interference power at the mobile communication
terminal 1s not increased, the change of the transmission
power of the individual channel does not occur. Therelore,
the unnecessary measurement of the different frequency 1s
not executed at the state that the mobile communication
terminal does not move. This 1s the qualitative explanation
about the eflectiveness of the conventional second improved
method.

However, 1n order to decrease the ratio of the data vacant
time, when the conventional second improved method 1s
used, changing over to a different frequency 1s not executed
at a time when the changing over to the different frequency
should be essentially executed. Consequently, there 1s a
possibility that a call drop occurs by this cause.

Referring to drawings, this problem 1s explained. In FIG.
4, a wavelorm in the passage of time of the transmission
power of an individual channel at a downstream channel
between the mobile communication terminal 30 and the base
station 10 currently connecting to the mobile communica-
tion terminal 30 1s shown. And 1n FIG. 5, waveforms 1n the
passage of time of the reception quality (Q_1 of the broadcast
channel of the currently using carrier frequency and the
reception quality (Q_2 of the broadcast channel of the carrier
frequency to which the carrier frequency 1s changed over at
the downstream channel of the mobile communication ter-
minal 30 are shown.

In FIG. 4, a state, 1n which the change of the transmission
power Delta_Tx_Pow of the individual channel from the
time t5 to t6 does not satisly the mmequality (6), 1s shown.
And 1in FIG. 5, a state, in which the waveforms of the
broadcast channels already satisiy the inequality (2) at the
time t6, 1s shown.

And m FIG. §, the judging threshold value Th_call drop
signifies the minimum reception quality level, with which
the mobile communication terminal 30 can communicate,
and the mobile communication terminal 30 cannot commu-
nicate aiter the time t6 by using the currently using carrier
frequency.

In case that the conventional second improved method 1s
used, in FIGS. 4 and 5, at the time t6, the inequality (6) does
not satisty. Therefore the measurement of the different
frequency 1s not executed and changing over to the different
frequency 1s not executed, consequently, there 1s a problem
that the communication of the mobile communication ter-
minal 30 1s dropped.

Further, 1n order to decrease the ratio of the data vacant
time, 1n case that the control method of changing over to the
different frequency by the conventional second improved
method 1s used, the changing over to the different frequency
1s not executed at the time when the changing over to the
different frequency should be essentially executed. There-
fore, there 1s a possibility that the call drop occurs by this
cause.

Referring to FIG. 6, this problem 1s explained. In FIG. 6,
a wavelorm 1n the passage of time of the transmission power
of an individual channel at a downstream channel between
the mobile communication terminal 30 and the base station
10 currently connecting to the mobile communication ter-
minal 30 1s shown. Generally, the change of the transmission
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power Delta_Tx_Pow 1n a period T 1s set to be an optimum
value belorehand. In this case, 1n FIG. 6, the change of the
transmission power Delta_Tx_Pow in the period T from the
time t1 to t2 satisfies the inequality (6). Therefore, the
measurement of the different frequency 1s executed.

On the contrary, 1n FIG. 6, the change of the transmission
power Delta_Tx_Pow in the period T from the time t3 to t4
does not satisiy the inequality (6). Because, the transmission
power of the individual channel to the mobile communica-
tion terminal 30 exceeded the maximum value of the trans-
mission power Max_Tx_Pow.

In this case, the maximum value of the transmission
power Max_Tx_Pow 1s limited. Therefore, at the time when
the interference power was increased at the mobile commu-
nication terminal 30 or the mobile communication terminal
30 moved, the measurement of the diflerent frequency i1s not
executed, and there 1s a high possibility that the reception
quality 1s deteriorated.

Further, in a case that the change of the transmission
power Delta_Tx_Pow 1n the period T does not satisiy the
inequality (6) but the wavelorm of the transmission power
Tx_Pow gradually increases to the maximum value Max-
_Tx_Pow 1n the passage of time, although the interference
power recerving at the mobile communication terminal 30 1s
increased, the measurement of the different frequency 1s not
started. Therefore, there 1s a high possibility that the recep-
tion quality 1s deteriorated.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a cellular phone system and mobile communication termi-
nals in the system and a base station controlling apparatus in
the system and a method changing over to a different
frequency 1n the system, 1n which the probability that the
deterioration of channel quality and the phenomenon of a
call drop occur caused by the imperfection of the control of
the changing over to the different frequency can be lowered
and the channel quality can be made to be higher.

According to a first aspect of the present invention, for
achieving the object mentioned above, there 1s provided a
cellular phone system. The cellular phone system provides a
mobile communication terminal, a first base station that
communicates with the mobile communication terminal by
using a {lirst frequency, and a second base station that
communicates with the mobile communication terminal by
using a second frequency. And while the mobile communi-
cation terminal 1s communicating with the first base station
by using a channel, the reception quality of the second
frequency 1s measured corresponding to the change of the
quality of the channel, and the channel 1s changed over to the
second base station corresponding to the measured reception
quality and the change of the quality of the channel. And the
cellular phone system further provides a first reception
quality measuring means that measures the reception quality
of the second frequency at the mobile communication ter-
minal 1 case that the quality of the channel 1s within a
predetermined first range and when the change of the quality
of the channel 1s larger than a designated value, and a second
reception quality measuring means that measures more
frequently the reception quality of the second frequency at
the mobile communication terminal 1n case that the quality
of the channel 1s without the predetermined first range,
compared with the case that the quality of the channel is
within the predetermined {first range.

According to a second aspect of the present invention, 1n
the first aspect, the first base station transmits a broadcast
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channel, and the quality of the channel 1s the reception
quality of the broadcast channel at the mobile communica-
tion terminal.

According to a third aspect of the present invention, in the
first aspect, the first base station controls the transmission
power of the channel corresponding to the reception quality
of the channel at the mobile communication terminal, and
the quality of the channel 1s the size of the transmission
power.

According to a fourth aspect of the present invention, 1n
the first aspect, the mobile communication terminal controls
the transmission power of the channel at the first base station
corresponding to the reception quality of the channel, and
the quality of the channel 1s the size of the transmission
power.

According to a fifth aspect of the present invention, in the
first aspect, in case that the quality of the channel 1s without
the predetermined first range, regardless of the size of the
change of the quality of the channel, the reception quality of
the second frequency 1s measured at the mobile communi-
cation terminal.

According to a sixth aspect of the present invention, 1n the
first aspect, the first base station transmits data by compress-
ing the data in the time and also makes a data vacant time
in which data 1s not transmitted, and the mobile communi-
cation terminal measures the reception quality of the second
frequency 1n the data vacant time.

According to a seventh aspect of the present invention, for
achieving the object mentioned above, there 1s provided a
mobile communication terminal, which communicates with
a lirst base station by using a {irst frequency and commu-
nicates with a second base station by using a second 1fre-
quency and measures the reception quality of the second
frequency corresponding to the change of the quality of a
channel while communication 1s executing with the first
base station by using the channel, and which changes over
the channel to the second base station corresponding to the
measured reception quality and the change of the quality of
the channel. The mobile communication terminal provides a
first reception quality measuring means that measures the
reception quality of the second frequency in case that the
quality of the channel 1s within a predetermined first range
and when the change of the quality of the channel 1s larger
than a designated value, and a second reception quality
measuring means that measures more frequently the recep-
tion quality of the second frequency 1n case that the quality
of the channel 1s without the predetermined first range,
compared with the case that the quality of the channel is
within the predetermined first range.

According to an eighth aspect of the present invention, 1n
the seventh aspect, the quality of the channel 1s the reception
quality of a broadcast channel transmitting from the first
base station.

According to a ninth aspect of the present invention, in the
seventh aspect, the quality of the channel 1s the size of the
transmission power of the channel that 1s controlled at the
first base station corresponding to the reception quality of
the channel at 1ts own mobile communication terminal.

According to a tenth aspect of the present invention, in the
seventh aspect, the quality of the channel 1s the size of the
transmission power of the channel that 1s controlled at its
own mobile communication terminal corresponding to the
reception quality at the first base station.

According to an eleventh aspect of the present invention,
in the seventh aspect, in case that the quality of the channel
1s without the predetermined first range, regardless of the
s1ze of the change of the quality of the channel, the reception
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quality of the second at its own mobile communication
terminal frequency 1s measured.

According to a twelith aspect of the present invention, 1n
the seventh aspect, the reception quality of the second
frequency 1s measured in a data vacant time, which 1s made
by the first base station by compressing transmitting data in
the time and 1s a time 1n which data 1s not transmitted.

According to a thirteenth aspect of the present invention,
for achieving the object mentioned above, there 1s provided
a base station controlling apparatus in a cellular phone
system. And the cellular phone system provides a mobile
communication terminal, a first base station that communi-
cates with the mobile commumication terminal by using a
first frequency, and a second base station that communicates
with the mobile communication terminal by using a second
frequency. And while the mobile communication terminal 1s
communicating with the first base station by using a channel,
the reception quality of the second frequency i1s measured
corresponding to the change of the quality of the channel,
and the channel 1s changed over to the second base station
corresponding to the measured reception quality and the
change of the quality of the channel. And the base station
controlling apparatus controls the first and second base
stations. And the base station controlling apparatus provides
a reception quality measuring means that measures the
reception quality of the second frequency at the mobile
communication terminal in case that the quality of the
channel 1s within a predetermined first range and when the
change of the quality of the channel 1s larger than a desig-
nated value, and an instructing means that nstructs one of
the first and second base stations and the mobile commu-
nication terminal to measure more frequently the reception
quality of the second frequency at the mobile communica-
tion terminal 1n case that the quality of the channel 1s without
the predetermined first range, compared with the case that
the quality of the channel 1s within the predetermined first
range.

According to a fourteenth aspect of the present invention,
in the thirteenth aspect, the first base station transmits a
broadcast channel, and the quality of the channel i1s the
reception quality of the broadcast channel at the mobile
communication terminal.

According to a fifteenth aspect of the present invention, 1n
the thirteenth aspect, the first base station controls the
transmission power ol the channel corresponding to the
reception quality of the channel at the mobile communica-
tion terminal, and the quality of the channel 1s the size of the
transmission power.

According to a sixteenth aspect of the present invention,
in the thirteenth aspect, the mobile communication terminal
controls the transmission power of the channel at the first
base station corresponding to the reception quality of the
channel, and the quality of the channel 1s the size of the
transmission power.

According to a seventeenth aspect of the present inven-
tion, in the thirteenth aspect, in case that the quality of the
channel 1s without the predetermined first range, regardless
of the size of the change of the quality of the channel, the
reception quality of the second frequency 1s measured at the
mobile communication terminal.

According to an eighteenth aspect of the present mven-
tion, 1n the thirteenth aspect, the first base station transmits
data by compressing the data 1n the time and also makes a
data vacant time in which data 1s not transmitted, and the
mobile communication terminal measures the reception
quality of the second frequency in the data vacant time.
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According to a nineteenth aspect of the present invention,
for achieving the object mentioned above, there 1s provided
a method changing over to a different frequency 1n a cellular
phone system. And the cellular phone system provides a
mobile communication terminal, a first base station that
communicates with the mobile communication terminal by
using a {lirst frequency, and a second base station that
communicates with the mobile communication terminal by
using a second frequency. And the method changing over to
a different frequency provides the steps of, while the mobile
communication terminal 1s communicating with the first
base station by using a channel, measuring the reception
quality of the second frequency corresponding to the change
of the quality of the channel, and executing communication
by changing over the channel to the second base station
corresponding to the measured reception quality and the
change of the quality of the channel. And the method
changing over to a different frequency further provides the
steps of, measuring the reception quality of the second
frequency at the mobile communication terminal in case that
the quality of the channel 1s within a predetermined first
range and when the change of the quality of the channel 1s
larger than a designated value, and measuring more fre-
quently the reception quality of the second frequency at the
mobile communication terminal 1n case that the quality of
the channel 1s without the predetermined first range, com-
pared with the case that the quality of the channel 1s within
the predetermined first range.

According to a twentieth aspect of the present invention,
in the nineteenth aspect, the first base station transmits a
broadcast channel, and the quality of the channel 1s the
reception quality of the broadcast channel at the mobile
communication terminal.

According to a twenty-first aspect of the present mven-
tion, 1n the mineteenth aspect, the first base station controls
the transmission power of the channel corresponding to the
reception quality of the channel at the mobile communica-
tion terminal, and the quality of the channel 1s the size of the
transmission poOwer.

According to a twenty-second aspect of the present inven-
tion, in the nineteenth aspect, the mobile communication
terminal controls the transmission power of the channel at
the first base station corresponding to the reception quality
of the channel, and the quality of the channel 1s the size of
the transmission power.

According to a twenty-third aspect of the present inven-
tion, 1n the nineteenth aspect, 1 case that the quality of the
channel 1s without the predetermined first range, regardless
of the size of the change of the quality of the channel, the
reception quality of the second frequency 1s measured at the
mobile communication terminal.

According to a twenty-fourth aspect of the present inven-
tion, in the nineteenth aspect, the first base station transmits
data by compressing the data 1n the time and also makes a
data vacant time in which data 1s not transmitted, and the
mobile communication terminal measures the reception
quality of the second frequency 1n the data vacant time.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present mvention will
become more apparent from the consideration of the fol-
lowing detailed description taken in conjunction with the
accompanying drawings in which:

FIG. 1 1s a block diagram showing a structure of a cellular
phone system using a CDMA system at a first embodiment
of the present invention;
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FIG. 2 1s a graph showing the positions of carrier fre-
quencies 1n an upstream channel and a downstream channel
at embodiments of the present mvention;

FIG. 3 1s a first reception quality graph showing wave-
forms of the reception quality 1n the passage of time at the
embodiments of the present invention;

FIG. 4 1s a first transmission power graph showing a
wavetorm of the transmission power at an individual chan-
nel 1n the passage of time at the embodiments of the present
invention;

FIG. § 1s a second reception quality graph showing

wavelorms of the reception quality 1n the passage of time at
the embodiments of the present invention;

FIG. 6 1s a second transmission power graph showing a
wavelorm of the transmission power at an individual chan-
nel 1n the passage of time at the embodiments of the present
invention;

FIG. 7 1s a third reception quality graph showing wave-
forms of the reception quality 1n the passage of time at the
embodiments of the present invention;

FIG. 8 1s a third transmission power graph showing a
wavelorm of the transmission power at an individual chan-
nel 1n the passage of time at the embodiments of the present
invention;

FIG. 9 1s a block diagram showing a structure of a base
station controlling apparatus shown in FIG. 1;

FIG. 10 1s a block diagram showing a structure of a base
station shown 1n FIG. 1;

FIG. 11 1s a block diagram showing a structure of a mobile
communication terminal shown in FIG. 1;

FIG. 12 15 a flowchart showing a first part of the control
operation at a controller for changing over to different
frequency at the first embodiment of the present invention;

FI1G. 13 1s a flowchart showing a second part of the control
operation at the controller for changing over to different
frequency at the first embodiment of the present invention;

FIG. 14 1s a flowchart showing a third part of the control
operation at the controller for changing over to different
frequency at the first embodiment of the present invention;

FIG. 15 1s a flowchart showing a first part of the control
operation at a controller for changing over to different
frequency at a second embodiment of the present invention;

FI1G. 16 1s a flowchart showing a second part of the control
operation at the controller for changing over to different
frequency at the second embodiment of the present inven-
tion;

FIG. 17 1s a flowchart showing a third part of the control
operation at the controller for changing over to different
frequency at the second embodiment of the present inven-
tion;

FIG. 18 1s a block diagram showing a structure of a base

station controlling apparatus at a fourth embodiment of the
present mvention;

FIG. 19 1s a block diagram showing a structure of a
mobile communication terminal at the fourth embodiment of
the present invention;

FIG. 20 1s a block diagram showing a structure of a base
station controlling apparatus at a seventh embodiment of the
present mvention;

FIG. 21 1s a block diagram showing a structure of a
mobile communication terminal at the seventh embodiment

of the present invention;

FI1G. 22 1s a block diagram showing a structure of a base
station controlling apparatus at a tenth embodiment of the
present mvention; and
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FIG. 23 1s a block diagram showing a structure of a
mobile communication terminal at the tenth embodiment of
the present ivention.

T
.

DESCRIPTION OF THE PREFERR
EMBODIMENTS

Referring now to the drawings, embodiments of the
present invention are explained in detail. In the explanation
of the embodiments of the present invention, the drawings
used at the explanation of the conventional technologies are
also used. That 1s, FIGS. 1 to 6 are used at the explanation
of the embodiments of the present invention. Further, in the
explanation of the embodiments of the present invention, the
communication between a mobile communication terminal
and a base station controlling apparatus 1s executed via a
base station. Therefore, for example, 1n case that an expres-
sion, which a mobile communication terminal transmits
information to a base station controlling apparatus, exists,
this signifies that the information i1s actually transmitted
from the mobile communication terminal to the base station
controlling apparatus via the base station.

FIG. 1 1s a block diagram showing a structure of a cellular
phone system using a CDMA system at a first embodiment
of the present mvention. In FIG. 1, a case, in which the
cellular phone system uses two carrier frequencies 1 one
service area, 1s shown.

In FIG. 1, each of mobile communication terminals 30 to
32 can connects its channel to any of base stations 10, 11, 20,
and 21. Further, in FIG. 1, a base station controlling appa-
ratus 60, broadcast channels 40 and 41, individual down-
stream channels 50 and 51, and individual upstream chan-
nels 70 and 71 are shown. In FIG. 1, the number of the
mobile communication terminals 1s three, however, this
number 1s not limited to three, and the number of the base
stations 1s four, however, this number in not limited to four.

The base station 10 communicates with the mobile com-
munication terminal 30 by using a first frequency, and the
base station 20 communicates with the mobile communica-
tion terminal 30 by using a second frequency. While the
mobile commumnication terminal 30 1s communicating with
the base station 10 with 1ts channel, the mobile communi-
cation terminal 30 measures the reception quality of the
second frequency corresponding to the change of the chan-
nel quality. And based on the measured reception quality, the
mobile communication terminal 30 changes over 1ts channel
to the base station 20 and commumnicates with the base
station 20.

In case that the channel quality of the first frequency 1s
within a first range, when the change of the channel quality
became larger than a designated value, the mobile commu-
nication terminal 30 measures the reception quality of the
second frequency. And 1n case that the channel quality of the
first frequency 1s without the first range, the mobile com-
munication terminal 30 measures the reception quality of the
second frequency 1n more frequent times, compared with the
case within the first range.

FIG. 2 1s a graph showing the positions of carrier fre-
quencies 1n an upstream channel and a downstream channel
at the embodiments of the present invention. In FIG. 2, the
carrier frequency, which the mobile communication terminal
30 uses 1n the channel with the base stations 10 and 11, 1s a
carrier frequency 101 at the upstream channel and a carrier
frequency 103 at the downstream channel. And the carrier
frequency, which the mobile communication terminal 30
uses 1n the channel with the base stations 20 and 21, 1s a
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carrier frequency 102 at the upstream channel and a carrier
frequency 104 at the downstream channel.

And the mobile communication terminal 30 or the base
station controlling apparatus 60 executes the control chang-
ing over to a diflerent frequency by judging whether the
mobile communication terminal 30 connects to the base
stations 10 and 11 or the base stations 20 and 21 during the
communication of the mobile communication terminal 30.
In this, the control of the transmission power 1s adopted 1n
the upstream and downstream channels.

In the measurement of the different frequency at the
mobile communication terminal 30, the transmission data in
the downstream channel are compressed in the time by using,
a method lowering 1ts diffusion rate or a method making 1ts
coding rate higher by that a part of coded data 1s not
transmitted. With this compression, a vacant time 1n which
data are not transmitted 1s provided, and the measurement of
the different frequency 1s executed by using this data vacant
time.

FIG. 3 1s a first reception quality graph showing wave-
forms of the reception quality in the passage of time at the
embodiments of the present invention. FIG. 4 1s a {irst
transmission power graph showing a wavetform of the trans-
mission power at an individual channel 1n the passage of
time at the embodiments of the present invention. FIG. 5 1s
a second reception quality graph showing waveforms of the
reception quality 1n the passage of time at the embodiments
of the present invention. FIG. 6 1s a second transmission
power graph showing a wavetorm of the transmission power
at an 1ndividual channel in the passage of time at the
embodiments of the present mvention. FIG. 7 1s a third
reception quality graph showing wavetforms of the reception
quality 1n the passage of time at the embodiments of the
present invention. FIG. 8 1s a third transmission power graph
showing a waveform of the transmission power at an indi-
vidual channel 1n the passage of time at the embodiments of
the present invention.

In FIG. 3, the mobile communication terminal 30 mea-
sures the different frequency for a predetermined period
T_start (not shown) as making the time t1 or the time t3 a
start time, when the reception quality Q_1 of the broadcast
channel at the currently using carrier frequency became less
than the judging threshold value Th_start shown in the
inequality (3). In this, at the measurement of the different
frequency, the reception quality (Q_2 of the broadcast chan-
nel of the carrier frequency, to which the carrier frequency
1s changed over, 1s measured. And the changing over to the
different frequency 1s executed at the time, when the difler-
ence between the reception quality Q_1 of the broadcast
channel at the currently using carrier frequency and the
reception quality (Q_2 of the broadcast channel of the carrier
frequency to which the carrier frequency 1s changed over
satisfies the condition shown 1n the mequality (2).

In this, the reception quality Q_2 1s measured only for the
predetermined period T_start from the judging threshold
value Th_start, and 1s not measured from the judging thresh-
old value Th_start to the judging threshold value Th_end.
Therefore, the measuring period of the reception quality Q_2
becomes shorter than the period from the Th_start to the
Th end.

On the contrary, even after the predetermined period
T_start passed, i case that the difference between the
reception quality (Q_1 of the broadcast channel at the cur-
rently using carrier frequency and the reception quality (Q_2
of the broadcast channel of the carrier frequency to which
the carrier frequency 1s changed over does not satisty the
condition shown in the inequality (2), the base station
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controlling apparatus 60 instructs the mobile communica-
tion terminal 30 to stop the measurement of the different
frequency. Further, the base station controlling apparatus 60
instructs the base station 10 currently connecting to the
mobile communication terminal 30 to measure the transmis-
sion power 1Tx_Pow and the change of the transmission
power Delta_Tx_Pow of the individual channel at the down-
stream channel for the mobile communication terminal 30.

After this, in case that the change of the transmission
power Delta_Tx_Pow of the individual channel satisfied the
inequality (6), the base station controlling apparatus 60
instructs the mobile communication terminal 30 to measure

the different frequency for a predetermined period T_ob (not
shown). When the result of the measurement satisfied the
inequality (2), the changing over to the different frequency
1s executed. After the predetermined period T_ob passed, the
measurement of the different frequency is stopped, and again
the measurement of the change of the transmission power
Delta Tx Pow of the individual channel 1s executed until
the mequality (6) 1s satisfied.

As mentioned above, the inequality (7) has the same basic
concept that the inequality (6) has. That 1s, the measurement
of the different frequency 1s not started at the time when the
inequality (7), mn which the change of the transmission
power ol an individual channel Delta_Tx_Pow 1s smaller
than the judging threshold value Th_Delta_Tx_Pow, was
satisfied, and the measurement of the different frequency 1s
not executed for a certain period.

At the cellular phone system of the first embodiment of
the present invention, in order to avoid the phenomenon of
the call drop, the following control method 1s newly added.
In order to explain the newly added control method, FIG. 7
1s used. In FIG. 7, the wavelorms of the reception quality
(Q_1 of the broadcast channel of the currently using carrier
frequency and the reception quality (Q_2 of the broadcast
channel of the carrier frequency to which the carrier fre-
quency 1s changed over at the downstream channels of the
mobile communication terminal 30 are shown 1n the passage
ol time.

The newly added control method 1s a method that 1s added
to the conventional second improved method, and controls
the start and the stop of the measurement of the different
frequency at the conventional second improved method.

In FIG. 7, when the reception quality (Q_1 of the broadcast
channel of the currently using carrier frequency satisfied the
following inequality (8), the newly added control method
stops the control of the start and the stop of the measurement
of the difl

crent Irequency by the conventional second
improved method.

Q_1<Th_change 1 (8)

By the newly added control method, the probability
generating the call drop becomes small. In this, the control
of the start and the stop of the measurement of the different
frequency by the conventional second improved method 1s
started at the time when the reception quality QQ_1 of the
broadcast channel of the currently using carrier frequency
satisfied the following inequality (9).

Q_1>Th_change 2 (9)

In order to decrease the number of times of the control of
the start and the stop of the measurement of the diflerent
frequency by the judging threshold values, the threshold
value of the Th_change 1 i1n the iequality (8) and the
threshold value of the Th_change 2 1n the mequality (9) are
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set to satisty the following mequality (10) and a margin has
between the two threshold values.

Ih_change 2-7%_change 1>0 (10)

In FIG. 3, the control of the measurement of the different
frequency mentioned above 1s stopped at the time {2 when
the reception quality Q_1 of the broadcast channel of the
currently using carrier frequency became over the judging
threshold value Th_end. Or the control changing over to the
different frequency is started at the time t4 when the mnequal-
ity (2) was satisfied and the measurement of the different
frequency 1s stopped at the same time.

In case that a mobile communication terminal has been
connected to plural base stations during 1ts hand over, when
the measurement of the transmission power of individual
channels for the mobile communication terminal 1s
instructed to the plural base stations, this instruction can be
made to a base station, which has the best channel condition
with the mobile communication terminal, or to the plural
base stations.

Next, the base station controlling apparatus 60 shown 1n
FIG. 1 1s explained in detail. FIG. 9 1s a block diagram
showing a structure of the base station controlling apparatus
60 shown in FIG. 1. As shown 1n FIG. 9, the base station
controlling apparatus 60 provides an mnput terminal 601, a
received signal processing section 602, a controller 603, a
transmitting signal processing section 604, an output termi-
nal 605, and a controller for changing over to diflerent
frequency 606.

The mput terminal 601 receives signals from one or plural
base stations 10, 11, 20, and 21. The recerved signal pro-
cessing section 602 processes the received signals mputted
from the mput terminal 601. The controller 603 executes
control based on control signals from the mobile commu-
nication terminals 30, 31, and 32 or the base stations 10, 11,
20, and 21. The transmitting signal processing section 604
processes signals to be transmitted. The output terminal 605
transmits signals to one or plural base stations 10, 11, 20, and
21. The controller for changing over to different frequency
606 judges the measurement of the different frequency and
the changing over to the diflerent frequency by receiving
control signals from the controller 603.

The controller 603 executes the control of the channel
setting between the mobile communication terminals 30, 31,
and 32, and the base stations 10, 11, 20, and 21. The
controller for changing over to different frequency 606
receives control signals, which request to measure a different
frequency and to change over to the different frequency,
from the mobile communication terminals 30, 31, and 30 via
the base stations 10, 11, 20, and 21. And controller for
changing over to different frequency 606 outputs control
signals for measuring the different frequency, for making
data vacant time of individual channels, and for changing
over to the different frequency to the base stations 10, 11, 20,
and 21 that have been connected to the mobile communi-
cation terminals 30, 31, and 32.

The controller for changing over to different frequency
606 judges the changing over to the different frequency, by
receiving the information of the reception quality of carrier
frequency of the mobile communication terminals 30, 31,
and 32 from the controller 603. Further, the controller for
changing over to diflerent frequency 606 judges the chang-
ing over to the different frequency, by receiving the infor-
mation of the transmission power of the base stations 10, 11,
20, and 21 from the controller 603.

Next, the base station 10 1n FIG. 1 1s explained in detail.
FIG. 10 1s a block diagram showing a structure of the base
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station 10 shown 1n FIG. 1. In this, the structure of each of
the base stations 10, 11, 20, and 21 1s the same, therefore, the
same explanation 1s omitted.

The base station 10 provides an antenna 111, a high
frequency signal processing section 112, a received signal
processing section 113, a controller 114, a first output
terminal 1135, a first input terminal 116, a multiplexer (MUX)
117, a transmitting signal processing section 118, a second
output terminal 119, and a second mput terminal 120.

The antenna 111 receives signals from one or plural
mobile communication terminals 30, 31, and 32, and trans-
mits signals to one or plural mobile communication termi-
nals 30, 31, and 32. The high frequency signal processing
section 112 processes received high frequency signals and
also processes transmitting high frequency signals. The
received signal processing section 113 processes the
received signals. The controller 114 executes control by
using the information transmitted from the base station
controlling apparatus 60, received at the second input ter-
minal 120. The second output terminal 119 transmits control
information from the controller 114 to the base station
controlling apparatus 60. The first output terminal 115
outputs received data processed at the received signal pro-
cessing section 113. The first mput terminal 116 receives
data to be transmitted. The MUX 117 multiplexes the data to
be transmitted and control signals from the controller 114.
The transmitting signal processing section 118 processes the
data multiplexed at the MUX 117.

The high frequency signal processing section 112 receives
a control signal changing over to a diflerent frequency from
the controller 114, and changes over the frequency using at
reception or transmission. The controller 114 receives the
reception quality from the received signal processing section
113, and controls the transmission power for the mobile
communication terminals 30, 31, and 32. And the controller
114 controls the reception and transmission of the base
station 10, based on a control signal received from the base
station controlling apparatus 60.

Moreover, the controller 114 receives a control signal
changing over to a different frequency from the base station
controlling apparatus 60, and sends the control signal chang-
ing over to the different frequency, which 1s used for the
reception or the transmission, to the high frequency signal
processing section 112. And the controller 114 receives a
control signal changing over to the different frequency from
the base station controlling apparatus 60, and sends a control
signal for making the data vacant time of individual chan-
nels to the high frequency signal processing section 112.

Furthermore, the controller 114 has a function to measure
the transmission power of 1ts own station (base station 10)
by receiving a control signal for measuring the transmission
power of its own station from the base station controlling
apparatus 60. And the controller 114 has a function to send
the measured transmission power of 1ts own station to the
base station controlling apparatus 60.

Next, the mobile communication terminal 30 1n FIG. 1 1s
explained 1n detail. FIG. 11 1s a block diagram showing a
structure of the mobile communication terminal 30 shown 1n
FIG. 1. In this, the structure of each of the mobile commu-
nication terminals 30, 31, and 32 1s the same, therefore, the
same explanation 1s omitted.

The mobile communication terminal 30 provides an
antenna 301, a high frequency signal processing section 302,
a received signal processing section 303, a controller 304, an
output terminal 305, an input terminal 306, a multiplexer
(MUX) 307, and a transmitting signal processing section

308.
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The antenna 301 receives signals from one or plural base
stations 10, 11, 20, and 21, and transmits signals to one or
plural base stations 10, 11, 20, and 21. The high frequency
signal processing section 302 processes received high fre-
quency signals and also processes transmitting high fre-
quency signals. The recerved signal processing section 303
processes the received signals. The controller 304 executes
control based on control signals from the received signal
processing section 303. The output terminal 305 outputs
received data. The mput terminal 306 receives data to be
transmitted. The MUX 307 multiplexes the data to be
transmitted inputted from the input terminal 306 and control
signals from the controller 304. The transmitting signal
processing section 308 processes the data multiplexed at the
MUX 307.

The controller 304 cyclically measures a broadcast chan-
nel transmitted from, for example, the base station 10,
received at the received signal processing section 303, and
processes the information of the measured result for trans-
mitting to the base station controlling apparatus 60. And the
controller 304 measures the reception quality based on the
signal from the received signal processing section 303, and
generates transmission power control signals for one or
plural base stations 10, 11, 20, and 21. The controller 304
controls the transmission power based on the received
control signals from one or plural base stations 10, 11, 20,
and 21.

The main control operation at the first embodiment of the
present invention 1s executed at the controller for changing
over to different frequency 606 in the base station control-
ling apparatus 60 shown in FIG. 9.

Next, referring to the drawings, the control operation at
the controller for changing over to different frequency 606
at the first embodiment of the present invention 1s explained.

FI1G. 12 1s a flowchart showing a first part of the control
operation at the controller for changing over to different
frequency 606 at the first embodiment of the present inven-
tion. FIG. 13 1s a flowchart showing a second part of the
control operation at the controller for changing over to
different frequency 606 at the first embodiment of the
present invention. FI1G. 14 1s a flowchart showing a third part
of the control operation at the controller for changing over
to different frequency 606 at the first embodiment of the
present invention.

The controller for changing over to different frequency

606 1instructs the mobile communication terminal 30 to
measure the reception quality (Q_1 of the currently using
carrier frequency, and receives the measured result. In this
case, the start time of the control i1s the time, in which the
inequality (3) was satisfied at the controller for changing
over to different frequency 606. And the end time of the
control signifies the execution of the changing over to the
different frequency.
In the explanation of the control operation of the control-
ler for changing over to different frequency 606 at the first
embodiment of the present invention, each of the step
numbers 1s shown 1n FIGS. 12 to 14.

When the control mentioned above was started, the con-
troller for changing over to different frequency 606 sets the
control flag (Flag 1) to be 0 (step S1). And the controller for
changing over to different frequency 606 instructs the
mobile communication terminal 30 to measure the reception
quality Q_2 of the carrier frequency to which the carrier
frequency 1s changed over for a predetermined period
T_start, and receives the measured result (step S2).

After this, the controller for changing over to different
frequency 606 executes the judgement of the mequality (2)
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for the reception quality Q_2 of the carnier frequency to
which the carrier frequency 1s changed over and the recep-
tion quality Q_1 of the currently using carrier frequency
(step S3). When the inequality (2) was satisfied (YES at the
step S3), the controller for changing over to diflerent fre-
quency 606 changes over the carrier frequency from the
currently using carrier frequency to the different carrier
frequency. With this, the control operation at the controller
for changing over to different frequency 606 ends.

When the inequality (2) was not satisfied (NO at the step
S3), the controller for changing over to different frequency
606 judges whether the predetermined period T_start, for
which the reception quality Q_2 of the carrier frequency to
which the carnier frequency 1s changed over 1s measured,
passed or not (step S4). When the condition at the step S4
was not satisiied, the operation returns to the step S3.

When the condition at the step S4 was satisfied, the
controller for changing over to different frequency 606
instructs the mobile communication terminal 30 to stop the
measurement of the reception quality Q_2 of the carrier
frequency to which the carrier frequency 1s changed over
(step S5). After the step S5, the controller for changing over
to different frequency 606 instructs the base station 10 to
start measuring the transmission power Tx_Pow of the
individual channel at the downstream channel for the mobile
communication terminal 30 (step S6).

After the step S6, the controller for changing over to
different frequency 606 judges whether the control flag (Flag
1) 1s O or not (step S7). When the condition at the step S7
was not satisfied, the controller for changing over to difler-
ent frequency 606 judges whether the inequality (9) 1is
satisfied or not for the reception quality Q_1 of the currently
using carrier frequency (step S8).

When the condition at the step S7 was satisfied, the
control operation goes to the control operation shown 1n
FIG. 13. And the controller for changing over to different
frequency 606 judges whether the mnequality (8) 1s satisfied
or not for the reception quality Q_1 of the currently using
carrier frequency (step S10). When the condition at the step
S10 was satistied, the controller for changing over to dif-
ferent frequency 606 sets the control flag (Flag 1) to be 1
(step S11). After this, the controller for changing over to
different frequency 606 instructs the base station 10 to stop
measuring the transmission power Tx_Pow of the individual
channel at the downstream channel for the mobile commu-
nication terminal 30 (step S12).

After the step S12, the controller for changing over to
different frequency 606 1nstructs the mobile communication
terminal 30 to measure the reception quality Q_2 of the
carrier frequency to which the carrier frequency 1s changed
over, and receives the measured result (step S13). And the
controller for changing over to different frequency 606
executes the judgement of the mequality (2) for the recep-
tion quality QQ_2 of the carner frequency to which the carrier
frequency 1s changed over and the reception quality Q_1 of
the currently using carrier frequency (step S14). When the
inequality (2) was satisfied (YES at the step S14), the
controller for changing over to different frequency 606
changes over the carrier frequency from the currently using
carrier frequency to the different carrier frequency. With
this, the control operation at the controller for changing over
to different frequency 606 ends.

When the inequality (2) was not satisfied (NO at the step
S14), the control operation returns to the step S7 1n FIG. 12.
And the controller for changing over to different frequency
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606 judges whether the control flag (Flag 1) 1s O or not (step
S7). When the control flag (Flag 1) was not 0, the inequality
(9) 1s judged (step S8).

When the condition at the step S8 was satisfied, the
controller for changing over to different frequency 606 sets
the control tlag (Flag 1) to be 0 (step S9). And the control
operation goes to the control operation shown in FIG. 14.
And the judgement at the mmequality (6) 1s executed (step
S15). When the condition at the step S135 was not satisfied,
the control operation returns to the step S7 shown 1 FIG. 12.

When the condition at the step S15 was satisfied, the
controller for changing over to different frequency 606
instructs the base station 10 to stop measuring the transmis-
sion power Tx_Pow of the individual channel at the down-
stream channel for the mobile communication terminal 30
(step S16). After the step S16, the controller for changing
over to diflerent frequency 606 instructs the mobile com-
munication terminal 30 to measure the reception quality (Q_2
of the carrier frequency to which the carrier frequency 1is
changed over for a predetermined period T_ob, and recerves
the measured result (step S17).

After the step S17, the controller for changing over to
different frequency 606 executes the judgement of the
inequality (2) (step S18). When the inequality (2) was not
satisfied (NO at the step S18), the controller for changing
over to diflerent frequency 606 judges whether the prede-
termined time T_ob, for which the reception quality Q_2 of
the carrier frequency to which the carrier frequency 1s
changed over 1s measured, passed or not (step S19). When
the condition at the step S19 was satisiied, the operation
returns to the step S6 shown in FIG. 12.

When the condition at the step S18 was satisfied, the
controller for changing over to different frequency 606
changes over the carrier frequency from the currently using
carrier frequency to the different carrier frequency. At the
control operation mentioned above, when the 1nequality (4)
was satisfied, the control operation at the controller for
changing over to diflerent frequency 606 ends.

As mentioned above, at the first embodiment of the
present invention, the control of measuring the different
frequency corresponding to the change of the transmission
power of the individual channel at the downstream channel
1s started, at the time when the reception quality of the
broadcast channel of the currently using carrier frequency
was deteriorated and after this the condition of the inequality
(3) was satistied.

By the control mentioned above, the unnecessary load for
the control of the measurement of the different frequency
can be decreased at the state in which the reception quality
of the broadcast channel of the currently using carrier
frequency 1s good. And 1n case that the transmission data
have been compressed 1n the time at the time measuring the
different frequency, the ratio of the data vacant time to the
communication time at measuring the different frequency
can be lowered.

Further, as mentioned at the step S15, the judgement of
the start and the stop of the control of the measurement of
the different frequency 1s executed corresponding to the
change of the transmission power of the individual channel
at the downstream channel. By this operation, at the time
when the transmission power of the individual channel at the
downstream channel was increased, that 1s, at the time when
the channel quality at the downstream channel was deterio-
rated, the measurement of the different frequency 1s started
and executed for a certain period. With this, the unnecessary
measurement of the different frequency 1s not executed at the
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time when the channel quality i1s good, and the power
consumption at measuring the different frequency can be
decreased.

At the first embodiment of the present invention, the
measurement of the different frequency 1s not executed
while the control of the measurement of the different fre-
quency corresponding to the change of the transmission
power ol the individual channel at the downstream channel
1s working. And the probability generating the call drop,
which occurs at the time when the reception quality of the
currently using carrier frequency was deteriorated, 1is
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S10, the following control 1s
added. That 1s, when the reception quality of the broadcast
channel of the currently using carrier frequency satisfied the
inequality (8), the control of the measurement of the difler-
ent frequency by the change of the transmission power of the
individual channel 1s stopped and the measurement of the
different frequency 1s executed.

That 1s, at the control operation of the first embodiment of
the present mvention, in case that the reception quality Q_1
of the currently using carrier frequency 1s within the first
range of the Flag 1=0, when the change of the reception
quality Q_1 1s larger than the designated value, the reception
quality Q_2 of the carrier frequency to which the carrier
frequency 1s changed over 1s measured. And 1n case that the
reception quality (Q_1 of the currently using carrier ire-
quency 1s without the first range of the Flag 1=0, that 1s, 1n
the Flag 1=1, the reception quality (Q_2 of the carrier
frequency to which the carrier frequency 1s changed over 1s
measured in more frequent times, compared with the case
within the first range.

By the control operation mentioned above, at the first
embodiment of the present invention, the probability, which
achieves the changing over to the different frequency before
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Theretore, at the first embodiment
of the present imnvention, the deterioration of the channel
quality and the probability generating the call drop phenom-
enon, caused by the mmperfection of the control of the
changing over to the diflerent frequency, can be made to be
small, and the channel quality can be made to be higher.

Next, referring to the drawings, a second embodiment of
the present invention 1s explained. At the second embodi-
ment of the present invention, the cellular phone system
using the CDMA system 1s the same at the first embodiment
shown 1n FIG. 1. That is, the cellular phone system uses two
carrier frequencies 1n one service area.

And the positions of carrier frequencies in an upstream
channel and a downstream channel at the second embodi-
ment are the same at the first embodiment shown 1n FIG. 2.
That 1s, the mobile communication terminal 30 can connect
to the base stations 10, 11, 20, and 21 with its channel. The
carrier frequency, which the mobile communication terminal
30 uses 1n the channel with the base stations 10 and 11, 1s a
carrier frequency 101 at the upstream channel and a carrier
frequency 103 at the downstream channel.

And the carrier frequency, which the mobile communi-
cation terminal 30 uses 1n the channel with the base stations
20 and 21, 1s a carnier frequency 102 at the upstream channel
and a carrier frequency 104 at the downstream channel. The
mobile communication terminal 30 or the base station
controlling apparatus 60 controls the control of the changing
over to the different frequency whether the mobile commu-
nication terminal 30 connects to the base stations 10 and 11
or the base stations 20 and 21 during the communication of
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the mobile communication terminal 30. In this, the control
of the transmission power 1s adopted at the upstream channel
and the downstream channel.

In the measurement of the different frequency at the
mobile communication terminal 30, the transmission data in
the downstream channel are compressed 1n the time by using
a method lowering 1ts diffusion rate or a method making 1ts
coding rate higher by that a part of coded data 1s not
transmitted. With this compression, a vacant time 1n which
data are not transmitted 1s provided, and the measurement of
the different frequency 1s executed by using this data vacant
time.

As mentioned above, at the second embodiment of the
present invention, FIG. 3 1s also used. That 1s, 1n FIG. 3, the
wavetorm of the reception quality Q_1 of the broadcast
channel at the currently using carrier frequency 103 and the
wavelorm of the reception quality Q_2 of the broadcast
channel at the carrier frequency 104 to which the carrier
frequency 1s changed over are shown, at the downstream
channel for the mobile communication terminal 30.

In FIG. 3, the mobile communication terminal 30
executes the measurement of the different frequency by
making the time t1 or t3 as its starting point, which the
reception quality (Q_1 of the broadcast channel at the cur-
rently using carrier frequency 103 became less than the
judging threshold value Th_start in the mequality (3), for a
predetermined period T_start. In this, the measurement of
the different frequency 1s the measurement of the reception
quality Q_2 of the broadcast channel of the carrier frequency
to which the carrier frequency 1s changed over. And the
changing over to the different frequency is executed by
making the time, when the difference between the reception
quality Q_2 of the carrier frequency to which the carrier
frequency 1s changed over and the reception quality Q_1 of
the broadcast channel at the currently using carrier ire-
quency satisfied the inequality (2) imn the predetermined
period T_start, as its starting point.

In case that the difference between the reception quality
(Q_2 of the carrier frequency to which the carrier frequency
1s changed over and the reception quality (Q_1 of the
broadcast channel at the currently using carrier frequency
did not satisty the inequality (2) even the predetermined
period T_start passed, the base station controlling apparatus
60 1nstructs the mobile communication terminal 30 to stop
measuring the different frequency. Further the base station
controlling apparatus 60 1nstructs the base station 10 cur-
rently connecting to the mobile communication terminal 30
to measure the transmission power Tx_Pow and the change
of the transmission power Delta_Tx_Pow of the individual
channel at the downstream channel for the mobile commu-
nication terminal 30.

After this, when the change of the transmission power
Delta Tx Pow of the individual channel at the downstream
channel satisfied the inequality (6), the base station control-
ling apparatus 60 instructs the mobile communication ter-
minal 30 to measure the different frequency for a predeter-
mined period T_ob. And when the measured result satistied
the inequality (2), the measurement of the different fre-
quency 1s executed. After the period T_ob passed, the
measurement of the different frequency 1s stopped, and the
change of the transmission power Delta_Tx_Pow of the
individual channel at the downstream channel 1s continued
again until the mequality (6) 1s satisiied.

At the second embodiment of the present invention, in
order to avoid the phenomenon of the call drop, 1n addition
to the control operation at the first embodiment, a new
control method 1s added. In order to explained the new
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control method, FIG. 8 mentioned before 1s used. In FIG. 8,
a wavelorm of the transmission power Tx_Pow of the
individual channel at the downstream channel for the base
station 10 currently connecting to the mobile communica-
tion terminal 30 1s shown 1n the passage of time.

In FIG. 8, the base station 10, which received an instruc-
tion to measure the transmission power of the individual
channel for the mobile communication terminal 30 from the
base station controlling apparatus 60, measures the change
of the transmission power Delta_Tx_Pow of the individual
channel shown 1n the mnequality (6) until the transmission
power Tx_Pow of the individual channel satisfies the fol-
lowing mequality (11).

Tx_Pow>Th_Tx_ Pow 1 (11)

And when the change of the transmission power Delta_Tx_
Pow of the individual channel satisfied the inequality (6), the
measurement of the different frequency i1s executed for a
certain period.

When the transmission power Tx_Pow of the individual
channel satisfied the inequality (11), 1n order to avoid the
call drop, the measurement of the different frequency is
continued, not depending on the change of the transmission
power. At this control method, in FIG. 8, the changing over
to the diflerent frequency 1s stopped when the transmission
power Tx_Pow of the individual channel satisfied the fol-
lowing inequality (12).

Tx_Pow<Th_Tx Pow 2 (12)

Especially, when the imequality (12) was satisfied, the
control 1s changed to the measurement of the different
frequency corresponding to the change of the transmission
power 1n the mequality (6) again. In order to decrease the
number of times of the control changing to the different
frequency, the relation between the judging threshold value
Th_Tx_Pow 1 in the mnequality (11) and the judging thresh-
old value Th_Tx_Pow 2 in the mnequality (12) has the
following inequality (13), which has a margin.

ih Ix Pow 1-Th Ix Pow 250

(13)

At this control of the measurement of the different fre-
quency, 1 FIG. 3, the measurement of the different fre-
quency 1s stopped by making the time t2, when the reception
quality Q_1 of the broadcast channel of the currently using
carrier frequency became larger than the judging threshold
value Th_end 1n the mequality (4), as 1ts starting point. Or
the changing over to the diflerent frequency 1s started and
the measurement of the different frequency 1s stopped at the
same time by making the time t4, when the nequality (2)
was satisiied, as 1ts starting time. As mentioned above, the
judging threshold value Th_end in the mmequality (4) 1s larger
than the judging threshold value Th_start in the nequality
(3).

At this control method, the time, when the change of the
transmission power Delta_Tx_Pow of the individual chan-
nel became smaller than the judging threshold wvalue
Th_Delta_Tx_Pow, that 1s, the inequality (7) was satisiied,
1s made to be the starting time of not measuring the different
frequency, and the measurement of the different frequency 1s
not executed for a certain period. This control method has
the same concept as mentioned above. In this case, the
following replacements are required. That 1s, the inequality
(11) 1s replaced by the following inequity (14), the inequality
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(12) 1s replaced by the following inequity (15), and the
inequality (13) 1s replaced by the following mequity (16).

Tx_Pow<Th Tx_Pow 1 (14)

Tx_Pow>Th_Tx Pow 2 (15)

ih Ix Pow 1-Th Ix Pow 2<0

(16)

And by making the time, when the inequality (14) was
satisiied, as 1ts starting point, the control of the measurement
of the different frequency by the transmission power of the
individual channel 1s stopped. And by making the time,
when the mequality (15) was satisfied, as its starting point,
the control of the measurement of the different frequency by
the transmission power of the individual channel 1s started.

At this time, when the minimum value of the transmission
power of the mobile communication terminal 1s defined as
Min_Tx_Pow, the judging threshold value Th_Tx_Pow 1 1n
the inequality (14) and the judging threshold value Th_Tx_
Pow 2 1n the inequality (15) satisty the following imnequality

(17).

Min Tx Pow<Th Tx Pow 1<f}h Tx Pow 2

(17)

In case that a mobile communication terminal has been
connected to plural base stations during its hand over, when
the measurement of the transmission power of individual
channels for the mobile communication terminal 1s
instructed to the plural base stations, this instruction can be
made to a base station, which has the best channel condition
with the mobile communication terminal, or to the plural
base stations.

The main control operation at the second embodiment of
the present invention 1s executed at the controller for chang-
ing over to different frequency 606 in the base station
controlling apparatus 60 shown i FIG. 9.

Next, referring to the drawings, the control operation at
the controller for changing over to different frequency 606
at the second embodiment of the present imvention 1is
explained.

FIG. 15 1s a flowchart showing a first part of the control
operation at the controller for changing over to different
frequency 606 at the second embodiment of the present
invention. FIG. 16 1s a flowchart showing a second part of
the control operation at the controller for changing over to
different frequency 606 at the second embodiment of the
present invention. FI1G. 17 1s a flowchart showing a third part
of the control operation at the controller for changing over
to diflerent frequency 606 at the second embodiment of the
present mvention.

The controller for changing over to different frequency

606 instructs the mobile communication terminal 30 to
measure the reception quality (Q_1 of the currently using
carrier frequency, and receives the measured result. In this
case, the start time of the control i1s the time, in which the
inequality (3) was satisfied at the controller for changing
over to different frequency 606. And the end time of the
control signifies the execution of the changing over to the
different frequency.
In the explanation of the control operation of the control-
ler for changing over to different frequency 606 at the
second embodiment of the present invention, each of the
step numbers 1s shown 1 FIGS. 15 to 17.

When the control mentioned above 1s started, the control-
ler for changing over to diflerent frequency 606 sets the
control flag (Flag 2) to be 0 (step S21). And the controller
for changing over to different frequency 606 instructs the
mobile communication terminal 30 to measure the reception
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quality Q_2 of the carner frequency to which the carrier
frequency 1s changed over for a predetermined period
T_start, and receives the measured result (step S22).

After this, the controller for changing over to different
frequency 606 executes the judgement of the mequality (2)
for the reception quality Q_2 of the carner frequency to
which the carrier frequency 1s changed over and the recep-
tion quality Q_1 of the currently using carrier frequency
(step S23). When the mnequality (2) was satisfied (YES at the
step S23), the controller for changing over to different
frequency 606 changes over the carrier frequency from the
currently using carrier frequency to the different carrier
frequency. With this, the control operation at the controller
for changing over to different frequency 606 ends.

When the 1inequality (2) was not satisfied (NO at the step
S23), the controller for changing over to different frequency
606 judges whether the predetermined perled T _start, for
which the reeeptlen quality Q 2 of the carrier frequency to
which the carrier frequency 1s changed over 1s measured,
passed or not (step S24). When the condition at the step S24
was not satisiied, the operation returns to the step S23.

When the condition at the step S24 was satisfied, the
controller for changing over to different frequency 606
instructs the mobile communication terminal 30 to stop the
measurement of the reception quality Q_2 of the carrier
frequency to which the carrier frequency 1s changed over
(step S25). After the step S25, the controller for changing
over to different frequency 606 nstructs the base station 10
to start measuring the transmission power Tx_Pow of the
individual channel at the downstream channel for the mobile
communication terminal 30 (step S26).

After the step S26, the controller for changing over to
different frequency 606 judges whether the control flag (Flag
2) 15 0 or not (step S27). When the condition at the step S27
was not satisfied, the controller for changing over to differ-
ent frequency 606 judges whether the iequality (12) 1s
satisfied or not for the transmission power Tx_Pow of the
individual channel at the downstream channel for the mobile
communication terminal 30 (step S28).

When the condition at the step S27 was satisfied, the
control operation goes to the control operation shown 1n
FIG. 16. And the controller for changing over to difierent
frequency 606 judges whether the inequality (11) 1s satisfied
or not for the transmission power Tx_Pow of the individual
channel at the downstream channel for the mobile commu-
nication terminal 30 (step S30). When the condition at the
step S30 was satisfied, the controller for changing over to
different frequency 606 sets the control flag (Flag 2) to be 1
(step S31). After this, the controller for changing over to
different frequency 606 instructs the base station 10 to stop
measuring the transmission power Tx_Pow of the individual
channel at the downstream channel for the mobile commu-
nication terminal 30 (step S32).

After the step S32, the controller for changing over to
different frequency 606 1nstructs the mobile communication
terminal 30 to measure the reception quality Q_2 of the
carrier frequency to which the carrier frequency 1s changed
over, and receives the measured result (step S33). And the
controller for changing over to different frequency 606
executes the judgement of the mequality (2) for the recep-
tion quality QQ_2 of the carner frequency to which the carrier
frequency 1s changed over and the reception quality Q_1 of
the currently using carrier frequency (step S34). When the
inequality (2) was satisfied (YES at the step S34), the
controller for changing over to different frequency 606
changes over the carrier frequency from the currently using
carrier frequency to the different carrier frequency. With
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this, the control operation at the controller for changing over
to different frequency 606 ends. When the mequality (2) was
not satisfied (NO at the step S34), the control operation
returns to the step S27 i FIG. 15.

When the condition at the step S28 was satisfied, the
controller for changing over to different frequency 606 sets
the control flag (Flag 2) to be 0 (step S29). And the control
operation goes to the control operation shown in FIG. 17.
And the judgement at the mmequality (6) 1s executed (step
S35). When the condition at the step S35 was not satisfied,
the control operation returns to the step S27 shown 1n FIG.
15. When the condition at the step S35 was satisfied, the
controller for changing over to different frequency 606
instructs the base station 10 to stop measuring the transmis-
sion power Tx_Pow of the individual channel at the down-
stream channel for the mobile communication terminal 30
(step S36).

After the step S36, the controller for changing over to
different frequency 606 instructs the mobile communication
terminal 30 to measure the reception quality Q_2 of the
carrier frequency to which the carrier frequency 1s changed
over for a predetermined period T_ob, and receives the
measured result (step S37). After the step S37, the controller
for changing over to different frequency 606 executes the
judgement of the mequality (2) (step S38).

When the inequality (2) was not satisfied (NO at the step
S38), the controller for changing over to different frequency
606 judges whether the predetermined time T_ob, for which
the reception quality (Q_2 of the carrier frequency to which
the carrier frequency 1s changed over 1s measured, passed or
not (step S39). When the condition at the step S39 was
satisiied, the operation returns to the step S26 shown 1n FIG.

15.

When the condition at the step S38 was satisfied (YES at
the step S38), the controller for changing over to diflerent
frequency 606 changes over the carrier frequency from the
currently using carrier frequency to the different carrier
frequency. At the control operation mentioned above, when
the inequality (4) was satisfied, the control operation at the
controller for changing over to different frequency 606 ends.

In case that the mobile communication terminal 30 has
been connected to plural base stations 10, 11, 20, and 21 at
the same time during 1ts hand over, in FIGS. 15 to 17, when
the measurement of the transmission power of individual
channels for the mobile communication terminal 30 1s
instructed to the plural base stations, this istruction can be
made to the base station 10, which has the best channel
condition with the mobile communication terminal 30, or to
the plural base stations 10, 11, 20, and 21.

As mentioned above, at the second embodiment of the
present invention, the control of measurement of the differ-
ent frequency corresponding to the change of the transmis-
sion power of the individual channel at the downstream
channel 1s started, at the time when the reception quality of
the broadcast channel of the currently using carrier fre-
quency was deteriorated and after this the condition of the
inequality (3) was satisfied.

By the control mentioned above, the unnecessary load for
the control of the measurement of the different frequency
can be decreased at the state in which the reception quality
of the broadcast channel of the currently using carrier
frequency 1s good. And 1n case that the transmission data
have been compressed in the time at the time measuring the
different frequency, the ratio of the data vacant time to the
communication time at measuring the different frequency
can be lowered.
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Further, as mentioned at the step S35, the judgement of
the start and the stop of the control of the measurement of
the different frequency 1s executed corresponding to the
change of the transmission power of the individual channel
at the downstream channel. By this operation, at the time
when the transmission power of the individual channel at the
downstream channel was increased, that 1s, at the time when
the channel quality at the downstream channel was deterio-
rated, the measurement of the different frequency 1s started
and executed for a certain period. With this, the unnecessary
measurement of the different frequency 1s not executed at the
time when the channel quality 1s good, and the power
consumption at measuring the different frequency can be
decreased.

Further, in case that the transmission data have been
compressed 1n the time at the time measuring the difierent
frequency, the ratio of the data vacant time to the commu-
nication time at measuring the different frequency can be
lowered.

At the second embodiment of the present invention, the
measurement ol the different frequency 1s not executed
while the control of the measurement of the different fre-
quency corresponding to the change of the transmission
power ol the individual channel at the downstream channel
1s working. And the probability generating the call drop,
which occurs at the time when the reception quality of the
currently using carrier frequency was deteriorated, 1s
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S30, the following control 1s
added. That 1s, when the transmission power of the 1ndi-
vidual channel at the downstream channel of the currently
using carrier frequency satisfied the mmequality (11) at the
step S30, the control of the measurement of the different
frequency by the change of the transmission power of the
individual channel 1s stopped and the measurement of the
different frequency 1s executed.

That 1s, at the control operation of the second embodiment
of the present invention, in case that the reception quality
(Q_1 of the currently using carrier frequency 1s within the
first range of the Flag 2=0, when the change of the reception
quality Q_1 1s larger than the designated value, the reception
quality Q_2 of the carner frequency to which the carrier
frequency 1s changed over 1s measured. And 1n case that the
reception quality (Q_1 of the currently using carrier ire-
quency 1s without the first range of the Flag 2=0, that 1s, 1n
the Flag 2=1, the reception quality Q_2 of the carrier
frequency to which the carrier frequency 1s changed over 1s
measured 1 more frequent times, compared with the case
within the first range.

By the control operation mentioned above, at the second
embodiment of the present invention, the probability, which
achieves the changing over to the different frequency before
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Therefore, at the second embodi-
ment of the present invention, the deterioration of the
channel quality and the probability generating the call drop
phenomenon, caused by the imperfection of the control of
the changing over to the different frequency, can be made to
be small, and the channel quality can be made to be higher.

Next, a third embodiment of the present imvention 1is
explained. At the third embodiment of the present invention,
the operation of the controller for changing over to diflerent
frequency 606 at the first and the second embodiments 1s
combined.

At the third embodiment of the present invention, the
control of the measurement of the different frequency by
using the change of the transmission power of the individual
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channel at the downstream channel 1s not started at the time
when the mequality (8) was satisfied at the control by the
first embodiment or at the time when the inequality (11) was
satisfied at the control by the second embodiment. After this,
the measurement of the different frequency 1s Contlnued
until the mequality (2) was satisfied, or until the inequality
(9) was satisfied in case that the time, when the mnequality (8)
was satisfied, was made to be the starting point, or until the
inequality (12) was satisfied in case that the time, when the
inequality (11) was satisfied, was made to be the starting
point.

At the third embodiment of the present invention, the
control of measurement of the different frequency corre-
sponding to the change of the transmission power of the
individual channel at the downstream channel 1s started, at
the time when the reception quality of the broadcast channel
of the currently using carrier frequency was deteriorated and
alter this the condition of the mequality (3) was satisfied.

By the control mentioned above, the unnecessary load for
the control of the measurement of the different frequency
can be decreased at the state in which the reception quality
of the broadcast channel of the currently using carrier
frequency 1s good. And 1n case that the transmission data
have been compressed in the time at the time measuring the
different frequency, the ratio of the data vacant time to the
communication time at measuring the different frequency
can be lowered.

Further, as mentioned at the step S15 of the first embodi-
ment and at the step S35 of the second embodiment, the
judgement of the start and the stop of the control of the
measurement of the different frequency 1s executed corre-
sponding to the change of the transmission power of the
individual channel at the downstream channel. By this
operation, at the time when the transmission power of the
individual channel at the downstream channel was
increased, that 1s, at the time when the channel quality at the
downstream channel was deteriorated, the measurement of
the different frequency 1is started and executed for a certain
pertod. With this, the unnecessary measurement of the
different frequency is not executed at the time when the
channel quality 1s good, and the power consumption at
measuring the different frequency can be decreased.

Further, 1n case that the transmission data have been
compressed 1n the time at the time measuring the different
frequency, the ratio of the data vacant time to the commu-
nication time at measuring the diflerent frequency can be
lowered.

At the third embodiment of the present invention, the
measurement of the different frequency i1s not executed
while the control of the measurement of the diflerent fre-
quency corresponding to the change of the transmission
power ol the individual channel at the downstream channel
1s working. And the probability generating the call drop,
which occurs at the time when the reception quality of the
currently using carrier frequency was deteriorated, 1s
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S10 of the first embodiment,
the following control 1s added. That 1s, when the reception
cuahty of the broadcast channel of the currently using
carrier frequency satisfied the mequality (8), the control of
the measurement of the diflerent frequency by the change of
the transmission power of the imndividual channel 1s stopped
and the measurement of the different frequency 1s executed.

Further, at the third embodiment of the present invention,
the measurement of the different frequency 1s not executed
while the control of the measurement of the different fre-
quency corresponding to the change of the transmission
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power of the individual channel at the downstream channel
1s working. And the probability generating the call drop,
which occurs at the time when the reception quality of the
currently using carrier frequency was deteriorated, 1is
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S30 of the second embodi-
ment, the following control 1s added. That 1s, when the
transmission power of the individual channel at the down-
stream channel of the currently using carrier frequency
satisfied the mequality (11), the control of the measurement
of the different frequency by the change of the transmission
power of the individual channel 1s stopped and the mea-
surement of the different frequency 1s executed.

By the control operation mentioned above, at the third
embodiment of the present invention, the probability, which
achieves the changing over to the diflerent frequency belore
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Therefore, at the third embodiment
of the present invention, the deterioration of the channel
quality and the probability generating the call drop phenom-
enon, caused by the immperfection of the control of the
changing over to the diflerent frequency, can be made to be
small, and the channel quality can be made to be higher.

Next, referring to the drawings, a fourth embodiment of
the present mvention 1s explained. FIG. 18 1s a block
diagram showing a structure of a base station controlling
apparatus 61 at the fourth embodiment of the present inven-
tion. As shown in FIG. 18, the base station controlling
apparatus 61 at the fourth embodiment of the present inven-
tion provides a controller 611 instead of the controller 603
and the controller for changing over to different frequency
606 at the base station controlling apparatus 60 of the first
embodiment of the present invention.

At the fourth embodiment of the present invention, each
ol the other sections 1n the base station controlling apparatus
61 1s the same at the first embodiment and has the same
reference number at the first embodiment of the present
invention. Further, the operation of each of the other sections
1s the same at the first embodiment.

That 1s, the base station controlling apparatus 61 provides
an mput terminal 601, a recerved signal processing section
602, the controller 611, a transmitting signal processing
section 604, and an output terminal 605.

The 1nput terminal 601 receives signals from one or plural
base stations 10, 11, 20, and 21. The recerved signal pro-
cessing section 602 processes the received signals inputted
from the mput terminal 601. The controller 611 executes
control based on control signals from mobile communica-
tion terminals and the base stations 10, 11, 20, and 21. The
transmitting signal processing section 604 processes signals
to be transmitted. The output terminal 605 transmits signals
to one or plural base stations 10, 11, 20, and 21.

The controller 611 executes the control of the channel
setting between the mobile communication terminals and the
base stations 10, 11, 20, and 21. Further, the controller 611
receives control signals, which request to change over to a
different frequency, from the mobile communication termi-
nals, and controls so that the base stations 10, 11, 20, and 21
which have been connected to the mobile communication
terminals change over to the different frequency.

Further, the controller 611 receives control signals, which
request to change over to the different frequency, from the
mobile communication terminals, and controls so that the
base stations 10, 11, 20, and 21 which have been connected
to the mobile communication terminals make the data vacant
time of individual channels. The controller 611 measures the

transmission power ol the base stations 10, 11, 20, and 21,
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based on the control signals of the mobile communication
terminals. And the controller 611 controls to transmit the
measured results to the mobile communication terminals.

FIG. 19 1s a block diagram showing a structure of a
mobile communication terminal 40 at the fourth embodi-
ment of the present mvention. As shown in FIG. 19, the
mobile communication terminal 40 at the fourth embodi-
ment of the present invention newly provides a controller for
changing over to different frequency 401, compared with the
mobile communication terminal 30 at the first embodiment
of the present invention shown in FIG. 11.

At the fourth embodiment of the present invention, each
of the other sections in the mobile communication terminal
40 1s the same at the first embodiment and has the same
reference number at the first embodiment of the present
invention. Further, the operation of each of the other sections
1s the same at the first embodiment.

That 1s, the mobile commumnication terminal 40 provides
an antenna 301, a high frequency signal processing section
302, a received signal processing section 303, a controller
304, an output terminal 305, an input terminal 306, a
multiplexer (MUX) 307, a transmitting signal processing,
section 308, and the controller for changing over to different
frequency 401.

The antenna 301 receives signals from one or plural base
stations 10, 11, 20, and 21, and transmits signals to one or
plural base stations 10, 11, 20, and 21. The high frequency
signal processing section 302 processes received high fre-
quency signals and also processes transmitting high fre-
quency signals. The recerved signal processing section 303
processes the received signals. The controller 304 executes
control based on control signals from the received signal
processing section 303. The output terminal 305 outputs
received data. The mput terminal 306 receives data to be
transmitted. The MUX 307 multiplexes the data to be
transmitted inputted from the input terminal 306 and control
signals from the controller 304. The transmitting signal
processing section 308 processes the data multiplexed at the
MUX 307.

The controller 304 cyclically measures a broadcast chan-
nel transmitted from, for example, the base station 10,
received at the received signal processing section 303, and
processes the information of the measured result for trans-
mitting to the base station controlling apparatus 61. And the
controller 304 measures the reception quality based on the
signal from the received signal processing section 303, and
generates transmission power control signals for one or
plural base stations 10, 11, 20, and 21. The controller 304
controls the transmission power based on the received
control signals from one or plural base stations 10, 11, 20,
and 21.

The controller for changing over to different frequency
401 1n the mobile communication terminal 40 cyclically
measures the broadcast channel transmitted from the base
station 10, and judges the control of changing over to the
different frequency and the control of measuring the difler-
ent frequency, based on the measured results. Further, the
controller for changing over to different frequency 401
receives the measured results of the transmission power
from the base station 10 and judges the control of changing
over to the different frequency and the control of measuring
the diflerent frequency, based on the measure results.

The main control operation at the fourth embodiment of
the present invention 1s executed at the controller for chang-
ing over to different frequency 401 in the mobile commu-
nication terminal 40. That 1s, at the first embodiment, the
judgement changing over to the different frequency 1is
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executed at the controller for changing over to different
frequency 606 in the base station controlling apparatus 60.
However, at the fourth embodiment, the judgement chang-
ing over to the different frequency 1s executed at the con-
troller for changing over to different frequency 401 in the
mobile communication terminal 40.

The control operation at the fourth embodiment 1s almost
equal to that at the first embodiment. Therefore, at the fourth
embodiment of the present invention, the probabaility, which
achieves the changing over to the different frequency before
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Consequently, at the fourth embodi-
ment of the present invention, the deterioration of the
channel quality and the probability generating the call drop
phenomenon, caused by the imperfection of the control of
the changing over to the different frequency, can be made to
be small, and the channel quality can be made to be higher.

Next, a fifth embodiment of the present invention 1is
explained. The structure at the fifth embodiment of the
present invention 1s the same at the fourth embodiment. That
1s, the structures of the base station controlling apparatus and
the mobile communication terminals are the same at the
fourth embodiment, and the main operation 1s executed at
the controller for changing over to different frequency 401
in the mobile communication terminal 40. However, the
control method 1s almost equal to that at the second embodi-
ment.

That 1s, the judgement of the control of changing over to
the different frequency 1s executed at the controller for
changing over to different frequency 401 in the mobile
communication terminal 40 at the fifth embodiment, 1nstead
of at the controller for changing over to different frequency
606 1n the base station controlling apparatus 60 at the second
embodiment.

Therefore, at the fifth embodiment of the present mnven-
tion, the probability, which achieves the changing over to the
different frequency betore the call drop occurs, can be made
to be high at the small ratio of the data vacant time.
Consequently, at the fifth embodiment of the present inven-
tion, the deterioration of the channel quality and the prob-
ability generating the call drop phenomenon, caused by the
imperfection of the control of the changing over to the
different frequency, can be made to be small, and the channel
quality can be made to be higher.

Next, a sixth embodiment of the present imvention 1is
explained. The structure at the sixth embodiment of the
present invention 1s the same at the fourth embodiment. That
1s, the structures of the base station controlling apparatus and
the mobile communication terminals are the same at the
fourth embodiment, and the main operation 1s executed at
the controller for changing over to different frequency 401
in the mobile communication terminal 40. And the control
method 1s almost equal to that at the third embodiment.

That 1s, the judgement of the control of changing over to
the different frequency 1s executed at the controller for
changing over to different frequency 401 in the mobile
communication terminal 40 at the sixth embodiment, instead
of at the controller for changing over to different frequency
606 in the base station controlling apparatus 60 at the third
embodiment.

Therefore, at the sixth embodiment of the present mnven-
tion, the probability, which achieves the changing over to the
different frequency betore the call drop occurs, can be made
to be high at the small ratio of the data vacant time.
Consequently, at the sixth embodiment of the present inven-
tion, the deterioration of the channel quality and the prob-
ability generating the call drop phenomenon, caused by the
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imperfection of the control of the changing over to the
different frequency, can be made to be small, and the channel
quality can be made to be higher.

Next, referring to the drawings, a seventh embodiment of
the present mvention 1s explained. FIG. 20 1s a block
diagram showing a structure of a base station controlling
apparatus 62 at the seventh embodiment of the present
invention. As shown in FIG. 20, the base station controlling
apparatus 62 at the seventh embodiment of the present
invention provides a controller for changing over to different
frequency 621 instead of the controller for changing over to
different frequency 606 1n the base station controlling appa-
ratus 60 of the first embodiment of the present invention.
The controller for changing over to different frequency 621
executes the control changing over to the different frequency
based on the measured result of the transmission power of
the mdividual channel at the upstream channel. That 1s, at
the seventh embodiment, the control operation 1s executed
by the measured result of the transmission power of the
individual channel at the upstream channel instead of at the
downstream channel.

At the seventh embodiment of the present invention, each
ol the other sections 1n the base station controlling apparatus
62 1s the same at the base station controlling apparatus 60 of
the first embodiment and has the same reference number at
the first embodiment of the present invention. Further, the
operation of each of the other sections in the base station
controlling apparatus 62 1s the same at the first embodiment.

That 1s, as shown 1n FIG. 20, the base station controlling
apparatus 62 provides an imnput terminal 601, a received
signal processing section 602, a controller 603, a transmit-
ting signal processing section 604, an output termmal 003,

and the controller for changing over to different frequency
621.

The mput terminal 601 receives signals from one or plural
base stations 10, 11, 20, and 21. The recerved signal pro-
cessing section 602 processes the received signals mnputted
from the mput terminal 601. The controller 603 executes
control based on control signals from the mobile commu-
nication terminals and the base stations 10, 11, 20, and 21.
The transmitting signal processing section 604 processes
signals to be transmitted. The output terminal 605 transmaits
signals to one or plural base stations 10, 11, 20, and 21.

The controller 603 executes the control of the channel
setting between the mobile communication terminals and the
base stations 10, 11, 20, and 21. The controller for changing,
over to different frequency 621 receives control signals,
which request to change over to a different frequency form
the mobile communication terminals and controls to make
the data vacant time of the individual channels and to change
over to the different frequency for the base stations 10, 11,
20, and 21, which are connecting to the mobile communi-
cation terminals. The controller for changing over to difler-
ent frequency 621 controls the measurement of the trans-
mission power of the mobile communication terminals, and
judges the measurement of the different frequency based on
the measured results from the mobile communication ter-

minals.

FIG. 21 1s a block diagram showing a structure of a
mobile communication terminal 41 at the seventh embodi-
ment of the present mvention. As shown in FIG. 21, the
mobile communication terminal 41 at the seventh embodi-
ment of the present mvention provides a controller 411
instead of the controller 304 1n the mobile communication
terminal 30 of the first embodiment of the present invention.
The controller 411 executes the control measuring the dif-
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ferent frequency based on the measured result of the trans-
mission power ol the individual channel at the upstream
channel.

At the seventh embodiment of the present invention, each
ol the other sections 1 the mobile communication terminal
41 1s the same at the first embodiment and has the same
reference number at the first embodiment of the present
invention. Further, the operation of each of the other sections
1s the same at the first embodiment.

That 1s, the mobile communication terminal 41 provides
an antenna 301, a high frequency signal processing section
302, a received signal processing section 303, an output
terminal 305, an mput terminal 306, a multiplexer (MUX)
307, a transmitting signal processing section 308, and the
controller 411.

The antenna 301 receives signals from one or plural base
stations 10, 11, 20, and 21, and transmits signals to one or
plural base stations 10, 11, 20, and 21. The high frequency
signal processing section 302 processes recerved high fre-
quency signals and also processes transmitting high fre-
quency signals. The recerved signal processing section 303
processes the received signals. The controller 411 executes
control based on control signals from the received signal
processing section 303. The output terminal 305 outputs
received data. The mput terminal 306 receirves data to be
transmitted. The MUX 307 multiplexes the data to be
transmitted inputted from the mnput terminal 306 and control
signals from the controller 411. The transmitting signal
processing section 308 processes the data multiplexed at the
MUX 307.

The controller 411 cyclically measures broadcast chan-
nels transmitted from the base stations 10, 11, 20, and 21,
received at the received signal processing section 303, and
processes the measured results for informing to the base
stations 10, 11, 20, and 21. Further, the controller 411
cyclically measures the broadcast channels transmitted from
the base stations 10, 11, 20, and 21 based on the signals
received at the received signal processing section 303, and
processes the information of the measured results for trans-
mitting to the base station controlling apparatus 62.

The controller 411 measures the reception quality based
on the signals from the received signal processing section
303, and generates transmission power control signals for
one or plural base stations 10, 11, 20, and 21. The controller
411 controls the transmission power based on the received
control signals from one or plural base stations 10, 11, 20,
and 21. The controller 411 receives the instruction of the
measurement ol the transmission power of its own terminal
(mobile communication terminal 41) from the base station
controlling apparatus 62, and informs the base station con-
trolling apparatus 62 about the measured result of the
transmission power of the mobile communication terminal
41 based on this instruction.

At the first embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the seventh embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the upstream channel. In order to
achieve this, the base station controlling apparatus 62 1s used
at the seventh embodiment instead of the base station
controlling apparatus 60, and the controller for changing
over to different frequency 621 1s used at the seventh
embodiment 1nstead of the controller for changing over to
different frequency 606. Further, the mobile communication
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terminal 41 1s used at the seventh embodiment instead of the
mobile communication terminal 30 and the controller 411 1s
used 1nstead of the controller 304.

By the structures mentioned above, at the seventh
embodiment of the present mnvention, at the time when the
reception quality of the broadcast channel of the currently
using carrier ifrequency was deteriorated and after this the
inequality (3) was satisfied, the control measuring the dii-
ferent frequency corresponding to the change of the trans-
mission power ol the individual channel at the upstream
channel 1s started.

By the control mentioned above, at the seventh embodi-
ment of the present invention, the unnecessary load for the
control of the measurement of the different frequency can be
decreased at the state 1n which the reception quality of the
broadcast channel of the currently using carrier frequency 1s
good. And at the seventh embodiment, 1n case that the
transmission data have been compressed in the time at the
time measuring the different frequency, the ratio of the data
vacant time to the communication time at measuring the
different frequency can be lowered.

At the seventh embodiment of the present invention, as
mentioned at the step S15 of the first embodiment of the
present invention, the judgement of the start and the stop of
the control of the measurement of the diflerent frequency 1s
executed corresponding to the change of the transmission
power of the individual channel at the upstream channel
instead of at the downstream channel. By this operation, at
the time when the transmission power of the individual
channel at the upstream channel was increased, that 1s, at the
time when the channel quality at the upstream channel was
deteriorated, the measurement of the different frequency 1s
started and executed for a certain period. With this, the
unnecessary measurement of the different frequency 1s not
executed at the time when the channel quality 1s good, and

the power consumption at measuring the different frequency
can be decreased.

And at the seventh embodiment of the present invention,
in case that the transmission data have been compressed 1n
the time at the time measuring the different frequency, the
ratio of the data vacant time to the communication time at

measuring the different frequency can be lowered.

Further, at the seventh embodiment of the present inven-
tion, the measurement of the different frequency is not
executed while the control of the measurement of the
different frequency corresponding to the change of the
transmission power of the individual channel at the upstream
channel 1s working. And the probability generating the call
drop, which occurs at the time when the reception quality of
the currently using carrier frequency was deteriorated, 1s
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S10 of the first embodiment,
the following control 1s added. That 1s, when the reception
cuahty of the broadcast channel of the currently using
carrier frequency satisfied the mequality (8), the control of
the measurement of the diflerent frequency by the change of
the transmission power of the individual channel 1s stopped
and the measurement of the different frequency 1s executed.

By the control operation mentioned above, at the seventh
embodiment of the present invention, the probabaility, which
achieves the changing over to the different frequency before
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Therefore, at the seventh embodi-
ment of the present invention, the deterioration of the
channel quality and the probability generating the call drop
phenomenon, caused by the imperfection of the control of
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the changing over to the different frequency, can be made to
be small, and the channel quality can be made to be higher.

Next, an eighth embodiment of the present mnvention 1s
explained. The structure at the eighth embodiment of the
present vention 1s the same at the seventh embodiment.
That 1s, the structures of the base station controlling appa-
ratus and the mobile communication terminals are the same
at the seventh embodiment, and the main operation 1is
executed at the controller for changing over to different
frequency 621 1n the base station controlling apparatus 62.
And the control method 1s almost equal to that at the second
embodiment.

At the second embodiment of the present imnvention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the eighth embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the upstream channel. In order to
achieve this, the base station controlling apparatus 62 1s used
at the eighth embodiment instead of the base station con-
trolling apparatus 60, and the controller for changing over to
different frequency 621 1s used at the eighth embodiment
instead of the controller for changing over to different
frequency 606. And the mobile communication terminal 41
1s used at the eighth embodiment instead of the mobile
communication terminal 30 and the controller 411 1s used
instead of the controller 304.

By the structures mentioned above, at the eighth embodi-
ment of the present invention, at the time when the reception
quality of the broadcast channel of the currently using
carrier frequency was deteriorated and after this the inequal-
ity (3) was satisfied, the control measuring the different
frequency corresponding to the change of the transmission
power of the individual channel at the upstream channel 1s
started.

By the control mentioned above, at the eighth embodi-
ment of the present invention, the unnecessary load for the
control of the measurement of the different frequency can be
decreased at the state 1n which the reception quality of the
broadcast channel of the currently using carrier frequency 1s
g00d.

At the eighth embodiment of the present invention, as
mentioned at the step S35 of the second embodiment of the
present invention, the judgement of the start and the stop of
the control of the measurement of the different frequency 1s
executed corresponding to the change of the transmission
power ol the individual channel at the upstream channel
instead of at the downstream channel. By this operation, at
the time when the transmission power of the individual
channel at the upstream channel was increased, that 1s, at the
time when the channel quality at the upstream channel was
deteriorated, the measurement of the different frequency is
started and executed for a certain period. With this, the
unnecessary measurement of the different frequency is not
executed at the time when the channel quality 1s good, and
the power consumption at measuring the different frequency
can be decreased.

And at the eighth embodiment, in case that the transmis-
sion data have been compressed in the time at the time
measuring the different frequency, the ratio of the data
vacant time to the communication time at measuring the
different frequency can be lowered.

Further, at the eighth embodiment of the present mven-

tion, the measurement of the different frequency 1s not
executed while the control of the measurement of the
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different ifrequency corresponding to the change of the
transmission power of the individual channel at the upstream
channel 1s working. And the probability generating the call
drop, which occurs at the time when the reception quality of
the currently using carrier frequency was deteriorated, 1s
decreased. In order to achieve the operation mentioned
above, as mentioned at the step S30 of the second embodi-
ment, the following control 1s added. That 1s, when the
transmission power of the individual channel at the upstream
channel of the currently using carrier frequency satisfied the
inequality (11), the control of the measurement of the
different frequency by the change of the transmission power
of the individual channel 1s stopped and the measurement of
the different frequency 1s executed.

By the control operation mentioned above, at the eighth
embodiment of the present invention, the probability, which
achieves the changing over to the different frequency before
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Therefore, at the eighth embodiment
of the present mvention, the deterioration of the channel
quality and the probability generating the call drop phenom-
enon, caused by the imperfection of the control of the
changing over to the diflerent frequency, can be made to be
small, and the channel quality can be made to be higher.

Next, a ninth embodiment of the present imvention 1s
explained. The structure at the ninth embodiment of the
present invention 1s the same at the seventh embodiment.
That 1s, the structures of the base station controlling appa-
ratus and the mobile communication terminals are the same
at the seventh embodiment, and the main operation 1is
executed at the controller for changing over to different
frequency 621 1n the base station controlling apparatus 62.
And the control method 1s almost equal to that at the third
embodiment.

At the third embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the ninth embodiment of the present invention, the control
of the measurement of the different frequency 1s executed by
measured results of the transmission power of the individual
channel at the upstream channel. In order to achieve this, the
base station controlling apparatus 62 1s used at the ninth
embodiment instead of the base station controlling apparatus
60, and the controller for changing over to different fre-
quency 621 1s used at the ninth embodiment 1nstead of the
controller for changing over to diflerent frequency 606. And
the mobile communication terminal 41 1s used at the ninth
embodiment instead of the mobile communication terminal
30 and the controller 411 1s used instead of the controller
304.

By the structures mentioned above, at the ninth embodi-
ment of the present invention, at the time when the reception
quality of the broadcast channel of the currently using
carrier frequency was deteriorated and aiter this the mnequal-
ity (3) was satisfied, the control measuring the different
frequency corresponding to the change of the transmission
power of the individual channel at the upstream channel 1s
started.

By the control mentioned above, at the ninth embodiment
of the present invention, the unnecessary load for the control
of the measurement of the different frequency can be
decreased at the state 1n which the reception quality of the
broadcast channel of the currently using carrier frequency 1s
g00d.

At the ninth embodiment of the present invention, as

mentioned at the step S15 of the first embodiment of the

5

10

15

20

25

30

35

40

45

50

55

60

65

36

present invention and at the step S35 of the second embodi-
ment of the present invention, the judgement of the start and
the stop of the control of the measurement of the different
frequency 1s executed corresponding to the change of the
transmission power of the individual channel at the upstream
channel instead of at the downstream channel. By this
operation, at the time when the transmission power of the
individual channel at the upstream channel was increased,
that 1s, at the time when the channel quality at the upstream

channel was deteriorated, the measurement of the difl

erent
frequency 1s started and executed for a certain period. With
this, the unnecessary measurement of the different frequency
1s not executed at the time when the channel quality 1s good.,
and the power consumption at measuring the difierent
frequency can be decreased.

And at the ninth embodiment of the present invention, 1n
case that the transmission data have been compressed 1n the
time at the time measuring the different frequency, the ratio
of the data vacant time to the communication time at
measuring the diflerent frequency can be lowered.

Further, at the ninth embodiment of the present invention,
the measurement of the different frequency 1s not executed
while the control of the measurement of the different fre-
quency corresponding to the change of the transmission
power of the individual channel at the upstream channel 1s
working. And the probability generating the call drop, which
occurs at the time when the reception quality of the currently
using carrier frequency was deteriorated, 1s decreased. In
order to achieve the operation mentioned above, as men-
tioned at the step S10 of the first embodiment, the following
control 1s added. That 1s, when the reception quality of the
broadcast channel of the currently using carrier frequency
satisfied the inequality (8), the control of the measurement
of the different frequency by the change of the transmission
power of the individual channel i1s stopped and the mea-
surement of the different frequency 1s executed.

And, at the ninth embodiment of the present invention, the
measurement of the different frequency 1s not executed
while the control of the measurement of the different fre-
quency corresponding to the change of the transmission
power of the individual channel at the upstream channel 1s
working. And the probability generating the call drop, which
occurs at the time when the reception quality of the currently
using carrier frequency was deteriorated, 1s decreased. In
order to achieve the operation mentioned above, as men-
tioned at the step S30 of the second embodiment, the
following control 1s added. That 1s, when the transmission
power of the individual channel at the upstream channel of
the currently using carrier frequency satisiied the iequality
(11), the control of the measurement of the different fre-
quency by the change of the transmission power of the
individual channel 1s stopped and the measurement of the
different frequency 1s executed.

By the control operation mentioned above, at the ninth
embodiment of the present invention, the probability, which
achieves the changing over to the diflerent frequency belore
the call drop occurs, can be made to be high at the small ratio
of the data vacant time. Therefore, at the ninth embodiment
of the present mvention, the deterioration of the channel
quality and the probability generating the call drop phenom-
enon, caused by the mmperfection of the control of the
changing over to the diflerent frequency, can be made to be
small, and the channel quality can be made to be higher.

Next, referring to the drawings, a tenth embodiment of the
present mvention 1s explained. FIG. 22 1s a block diagram
showing a structure of a base station controlling apparatus
63 at the tenth embodiment of the present invention. As
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shown 1 FIG. 22, the base station controlling apparatus 63
at the tenth embodiment of the present invention provides a
controller 631 instead of the controller 603 and the control-
ler for changing over to different frequency 606 at the base
station controlling apparatus 60 of the first embodiment of
the present imvention.

At the tenth embodiment of the present invention, each of
the other sections in the base station controlling apparatus 63
1s the same at the first embodiment and has the same
reference number at the first embodiment of the present
invention. Further, the operation of each of the other sections
1s the same at the first embodiment.

That 1s, the base station controlling apparatus 63 provides
an mput terminal 601, a received signal processing section
602, a transmitting signal processing section 604, an output
terminal 605, and the controller 631.

The mput terminal 601 receives signals from one or plural
base stations 10, 11, 20, and 21. The recerved signal pro-
cessing section 602 processes the received signals mputted
from the mput terminal 601. The controller 631 executes
control based on control signals from the mobile commu-
nication terminals and base stations 10, 11, 20, and 21. The
transmitting signal processing section 604 processes signals
to be transmitted. The output terminal 603 transmits signals
to one or plural base stations 10, 11, 20, and 21.

The controller 631 executes the control of the channel
setting between the mobile communication terminals and the
base stations 10, 11, 20, and 21. Further, the controller 631
receives control signals, which request to change over to a
different frequency, from the mobile communication termi-
nals and controls so that the base stations 10, 11, 20, and 21
which have been connected to the mobile communication
terminals change over to the different frequency. And also
the controller 631 receives control signals, which request to
change over to the diflerent frequency, from the mobile
communication terminals and controls so that the base
stations 10, 11, 20, and 21 which have been connected to the
mobile communication terminals make the data vacant time
of individual channels.

FIG. 23 1s a block diagram showing a structure of a
mobile communication terminal 42 at the tenth embodiment
of the present mvention. As shown 1 FIG. 23, the mobile
communication terminal 42 at the tenth embodiment of the
present invention provides a controller for changing over to
different frequency 421, compared with the mobile commu-
nication terminal 30 at the first embodiment of the present
invention shown i FIG. 11.

At the tenth embodiment of the present invention, each of
the other sections in the mobile communication terminal 42
1s the same at the first embodiment and has the same
reference number at the first embodiment of the present
invention. Further, the operation of each of the other sections
1s the same at the first embodiment.

That 1s, the mobile communication terminal 42 provides
an antenna 301, a high frequency signal processing section
302, a recerved signal processing section 303, a controller
304, an output terminal 305, an nput terminal 306, a
multiplexer (MUX) 307, a transmitting signal processing
section 308, and the controller for changing over to different
frequency 421.

The antenna 301 receives signals from one or plural base
stations 10, 11, 20, and 21, and transmits signals to one or
plural base stations 10, 11, 20, and 21. The high frequency
signal processing section 302 processes recerved high fre-
quency signals and also processes transmitting high fre-
quency signals. The recerved signal processing section 303
processes the received signals. The controller 304 executes

5

10

15

20

25

30

35

40

45

50

55

60

65

38

control based on control signals from the received signal
processing section 303. The output terminal 305 outputs
received data. The mput terminal 306 receirves data to be
transmitted. The MUX 307 multiplexes the data to be
transmitted inputted from the mput terminal 306 and control
signals from the controller 304. The transmitting signal
processing section 308 processes the data multiplexed at the

MUX 307.

The controller 304 cyclically measures a broadcast chan-
nel transmitted from the base station 10, based on the signal
form the received signal processing section 303, and pro-
cesses the information of the measured result for transmit-
ting to the base station controlling apparatus 63. And the
controller 304 measures the reception quality based on the
signal from the received signal processing section 303, and
generates transmission power control signals for one or
plural base stations 10, 11, 20, and 21. The controller 304
controls the transmission power based on the received
control signals from one or plural base stations 10, 11, 20,
and 21.

r

The controller for changing over to different frequency
421 in the mobile communication terminal 42 cyclically
measures the broadcast channel transmitted from the base
station 10, and judges the control of changing over to the
different frequency and the control of measuring the difler-
ent frequency, based on the measured results.

The control operation at the tenth embodiment 1s almost
equal to that at the fourth embodiment. The main operation
at the tenth embodiment of the present invention 1s executed
at the controller for changing over to different frequency 421
in the mobile communication terminal 42.

At the fourth embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the tenth embodiment of the present invention, the control
of the measurement of the different frequency 1s executed by
measured results of the transmission power of the individual
channel at the upstream channel.

In order to achieve this, the base station controlling
apparatus 63 1s used at the tenth embodiment instead of the
base station controlling apparatus 61 at the fourth embodi-
ment, and the mobile communication terminal 42 1s used at
the tenth embodiment mstead of the mobile communication
terminal 40 at the fourth embodiment. And the controller for
changing over to diflerent frequency 421 1s used at the tenth
embodiment 1nstead of the controller for changing over to
different frequency 401 at the fourth embodiment. The
operation at the tenth embodiment 1s almost equal to that at
the fourth embodiment, however, the measured results of the
transmission power of the individual channel at the upstream
channel are used instead of at the downstream channel.

Therefore, at the tenth embodiment of the present mnven-
tion, the probability, which achieves the changing over to the
different frequency before the call drop occurs, can be made
to be high at the small ratio of the data vacant time.
Consequently, at the tenth embodiment of the present inven-
tion, the deterioration of the channel quality and the prob-
ability generating the call drop phenomenon, caused by the
imperiection of the control of the changing over to the
different frequency, can be made to be small, and the channel
quality can be made to be higher.

Next, an eleventh embodiment of the present invention 1s
explained. The structures of the base station controlling
apparatus and the mobile communication terminals at the
cleventh embodiment are the same at the tenth embodiment.
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At the fifth embodiment of the present invention, the
control of the measurement of the different frequency is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the eleventh embodiment of the present invention, the

control of the measurement of the different frequency 1is
executed by measured results of the transmission power of

the 1ndividual channel at the upstream channel.

In order to achieve this, the base station controlling
apparatus 63 1s used at the eleventh embodiment instead of
the base station controlling apparatus 61 at the fifth embodi-
ment, and the mobile communication terminal 42 1s used at
the eleventh embodiment instead of the mobile communi-
cation terminal 40 at the fifth embodiment. And the control-
ler for changing over to different frequency 421 1s used at the
cleventh embodiment 1nstead of the controller for changing
over to different frequency 401 at the fifth embodiment. The
operation at the eleventh embodiment 1s almost equal to that
at the fifth embodiment, however, the measured results of
the transmission power of the individual channel at the

upstream channel are used instead of at the downstream
channel.

Therefore, at the eleventh embodiment of the present
invention, the probability, which achieves the changing over
to the different frequency betore the call drop occurs, can be
made to be high at the small ratio of the data vacant time.
Consequently, at the eleventh embodiment of the present
invention, the deterioration of the channel quality and the
probability generating the call drop phenomenon, caused by
the impertection of the control of the changing over to the

different frequency, can be made to be small, and the channel
quality can be made to be higher.

Next, a twelfth embodiment of the present invention 1s
explained. The structures of the base station controlling
apparatus and the mobile communication terminals at the
twelith embodiment are the same at the tenth embodiment.

At the sixth embodiment of the present invention, the
control of the measurement of the different frequency 1is
executed by measured results of the transmission power of
the individual channel at the downstream channel. However,
at the twelfth embodiment of the present invention, the
control of the measurement of the different frequency is
executed by measured results of the transmission power of

the individual channel at the upstream channel.

In order to achieve this, the base station controlling
apparatus 63 1s used at the twelfth embodiment 1nstead of the
base station controlling apparatus 61 at the sixth embodi-
ment, and the mobile communication terminal 42 1s used at
the twelith embodiment instead of the mobile communica-
tion terminal 40 at the sixth embodiment. And the controller
for changing over to different frequency 421 1s used at the
twelfth embodiment instead of the controller for changing
over to different frequency 401 at the sixth embodiment. The
operation at the twelith embodiment 1s almost equal to that
at the sixth embodiment, however, the measured results of
the transmission power of the individual channel at the
upstream channel are used instead of at the downstream

channel.

Therefore, at the twellth embodiment of the present
invention, the probability, which achieves the changing over
to the different frequency betore the call drop occurs, can be
made to be high at the small ratio of the data vacant time.
Consequently, at the twelith embodiment of the present
invention, the deterioration of the channel quality and the
probability generating the call drop phenomenon, caused by
the imperfection of the control of the changing over to the
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different frequency, can be made to be small, and the channel
quality can be made to be higher.

As mentioned above, according to the embodiments of the
present invention, a cellular phone system, which provides
a mobile communication terminal, a first base station that
communicates with the mobile communication terminal by
using a {lirst frequency, and a second base station that
communicates with the mobile communication terminal by
using a second frequency, 1s provided. And at the cellular
phone system, the reception quality of the second frequency
1s measured corresponding to the change of the channel
quality while the mobile communication terminal 1s com-
municating with the first base station by using. the first
frequency. And at the cellular phone system, the channel 1s
changed over to a channel connecting to the second base
station based on the measured reception quality, and the
communication 1s executed by using the changed over
channel. At this cellular phone system, in case that the
channel quality 1s within a predetermined first range, when
the change of the channel quality 1s larger than a predeter-
mined value, the reception quality of the second frequency
at the mobile communication terminal 1s measured. And 1n
case that the channel quality i1s without the predetermined
first range, the reception quality of the second frequency at
the mobile communication terminal 1s measured in more
frequent times. With the operation mentioned above, the
deterioration of the channel quality and the probability
generating the call drop phenomenon, caused by the imper-
fection of the control of the changing over to the difl

erent
frequency, can be made to be small, and the channel quality
can be made to be higher.

While the present invention has been described with
reference to the particular illustrative embodiments, 1t 1s not
to be restricted by those embodiments but only by the
appended claims. It 1s to be appreciated that those skilled 1n
the art can change or modily the embodiments without
departing from the scope and spirit of the present invention.

What 1s claimed 1s:

1. A cellular phone system, comprising:

a mobile communication terminal;

a first base station that communicates with said mobile
communication terminal by using a first frequency; and

a second base station that communicates with said mobile
communication terminal by using a second frequency,
wherein:

while said mobile communication terminal 1s communi-
cating with said first base station by using a channel,
the reception quality of said second frequency 1s mea-
sured corresponding to the change of the quality of said
channel, and

said channel 1s changed over to said second base station
corresponding to said measured reception quality and
the change of the quality of said channel, wherein:

said cellular phone system, further comprising:

a first reception quality measuring means that measures
the reception quality of said second frequency at said
mobile communication terminal in case that the quality
of said channel 1s within a predetermined first range
and when the change of the quality of said channel 1s
larger than a designated value; and

a second reception quality measuring means that mea-
sures more Irequently the reception quality of said
second frequency at said mobile communication ter-
minal 1n case that the quality of said channel 1s without
said predetermined first range, compared with the case
that the quality of said channel 1s within said predeter-
mined first range.
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2. A cellular phone system in accordance with claim 1,
wherein:

said first base station transmits a broadcast channel, and
the quality of said channel i1s the reception quality of
said broadcast channel at said mobile communication
terminal.

3. A cellular phone system in accordance with claim 1,

wherein:

said first base station controls the transmission power of
said channel corresponding to said reception quality of
sald channel at said mobile communication terminal,
and

the quality of said channel 1s the size of said transmission
power.

4. A cellular phone system in accordance with claim 1,

wherein:

saild mobile communication terminal controls the trans-
mission power of said channel at said first base station
corresponding to the reception quality of said channel,
and

the quality of said channel is the size of said transmission
power.

5. A cellular phone system in accordance with claim 1,

wherein:

in case that the quality of said channel 1s without said
predetermined first range, regardless of the size of the
change of the quality of said channel, the reception
quality of said second frequency 1s measured at said
mobile communication terminal.

6. A cellular phone system 1n accordance with claim 1,

wherein:

said first base station transmits data by compressing said
data 1n the time and also makes a data vacant time 1n
which data 1s not transmaitted, and

said mobile communication terminal measures said recep-
tion quality of said second frequency in said data
vacant time.

7. A mobile communication terminal, which communi-
cates with a first base station by using a first frequency and
communicates with a second base station by using a second
frequency and measures the reception quality of said second
frequency corresponding to the change of the quality of a
channel while communication 1s executing with said first
base station by using said channel, and which changes over
said channel to said second base station corresponding to
saild measured reception quality and the change of the
quality of said channel, comprising:

a lirst reception quality measuring means that measures
the reception quality of said second frequency 1n case
that the quality of said channel 1s within a predeter-
mined first range and when the change of the quality of
said channel 1s larger than a designated value; and

a second reception quality measuring means that mea-
sures more Irequently the reception quality of said
second frequency 1n case that the quality of said
channel 1s without said predetermined first range, com-
pared with the case that the quality of said channel 1s
within said predetermined first range.

8. A mobile communication terminal 1n accordance with

claim 7, wherein:

the quality of said channel i1s the reception quality of a
broadcast channel transmitting from said first base
station.

9. A mobile communication terminal in accordance with

claim 7, wherein:

the quality of said channel 1s the size of the transmission
power of said channel that 1s controlled at said first base

5

10

15

20

25

30

35

40

45

50

55

60

65

42

station corresponding to said reception quality of said
channel at its own mobile communication terminal.

10. A mobile communication terminal in accordance with

claim 7, wherein:

the quality of said channel 1s the size of the transmission
power ol said channel that 1s controlled at 1ts own
mobile communication terminal corresponding to said
reception quality at said first base station.

11. A mobile communication terminal 1n accordance with

claim 7, wherein:

in case that the quality of said channel 1s without said
predetermined first range, regardless of the size of the
change of the quality of said channel, the reception
quality of said second at its own mobile communication
terminal frequency 1s measured.

12. A mobile communication terminal 1n accordance with

claim 7, wherein:

said reception quality of said second frequency 1s mea-
sured 1n a data vacant time, which 1s made by said first
base station by compressing transmitting data in the
time and 1s a time 1n which data 1s not transmitted.

13. A base station controlling apparatus in a cellular phone

system, wherein:

said cellular phone system provides,

a mobile communication terminal,

a first base station that communicates with said mobile
communication terminal by using a first frequency, and

a second base station that communicates with said mobile
communication terminal by using a second frequency,
and

while said mobile communication terminal 1s communi-
cating with said first base station by using a channel,
the reception quality of said second frequency 1s mea-
sured corresponding to the change of the quality of said
channel, and

said channel 1s changed over to said second base station
corresponding to said measured reception quality and
the change of the quality of said channel, wherein:

said base station controlling apparatus controls said first
and second base stations, and

said base station controlling apparatus, comprising:

a reception quality measuring means that measures the
reception quality of said second frequency at said
mobile communication terminal in case that the quality
of said channel 1s within a predetermined first range
and when the change of the quality of said channel 1s
larger than a designated value; and

an 1nstructing means that instructs one of said first and
second base stations and said mobile communication
terminal to measure more Irequently the reception
quality of said second frequency at said mobile com-
munication terminal in case that the quality of said
channel 1s without said predetermined first range, com-
pared with the case that the quality of said channel 1s
within said predetermined first range.

14. A base station controlling apparatus in accordance

with claim 13, wherein:

said first base station transmits a broadcast channel, and
the quality of said channel 1s the reception quality of
said broadcast channel at said mobile communication
terminal.

15. A base station controlling apparatus in accordance

with claim 13, wherein:

said first base station controls the transmission power of
said channel corresponding to said reception quality of
saild channel at said mobile communication terminal,
and
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the quality of said channel 1s the size of said transmission
power.
16. A base station controlling apparatus in accordance
with claim 13, wherein:
saild mobile communication terminal controls the trans-
mission power of said channel at said first base station
corresponding to the reception quality of said channel,
and
the quality of said channel is the size of said transmission
power.
17. A base station controlling apparatus in accordance
with claim 13, wherein:
in case that the quality of said channel 1s without said
predetermined first range, regardless of the size of the
change of the quality of said channel, the reception
quality of said second frequency 1s measured at said
mobile communication terminal.
18. A base station controlling apparatus i accordance
with claim 13, wherein:
said first base station transmits data by compressing said
data in the time and also makes a data vacant time 1n
which data 1s not transmaitted, and
said mobile communication terminal measures said recep-
tion quality of said second frequency in said data
vacant time.
19. A method changing over to a di
cellular phone system, wherein:
said cellular phone system provides,
a mobile communication terminal,
a first base station that communicates with said mobile
communication terminal by using a first frequency, and
a second base station that communicates with said mobile
communication terminal by using a second frequency,
wherein:
said method changing over to a different frequency pro-
vides the steps of:
while said mobile communication terminal 1s communi-
cating with said first base station by using a channel,
measuring the reception quality of said second ire-
quency corresponding to the change of the quality of
said channel, and
executing communication by changing over said channel
to said second base station corresponding to said mea-
sured reception quality and the change of the quality of
sald channel, wherein:
saild method changing over to a di
further comprising the steps of:
measuring the reception quality of said second frequency
at said mobile communication terminal 1n case that the
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quality of said channel 1s within a predetermined first
range and when the change of the quality of said
channel is larger than a designated value; and
measuring more frequently the reception quality of said
second frequency at said mobile communication ter-
minal in case that the quality of said channel 1s without
said predetermined first range, compared with the case
that the quality of said channel 1s within said predeter-
mined first range.
20. A method changing over to a different frequency in
accordance with claim 19, wherein:
said first base station transmits a broadcast channel, and
the quality of said channel 1s the reception quality of
said broadcast channel at said mobile communication
terminal.
21. A method changing over to a different frequency in
accordance with claim 19, wherein:
said first base station controls the transmission power of
said channel corresponding to said reception quality of
sald channel at said mobile communication terminal,
and
the quality of said channel 1s the size of said transmission
power.
22. A method changing over to a different frequency in
accordance with claim 19, wherein:
said mobile communication terminal controls the trans-
mission power of said channel at said first base station
corresponding to the reception quality of said channel,
and
the quality of said channel 1s the size of said transmission
power.
23. A method changing over to a different frequency in
accordance with claim 19, wherein:

in case that the quality of said channel 1s without said
predetermined first range, regardless of the size of the
change of the quality of said channel, the reception
quality of said second frequency 1s measured at said

mobile communication terminal.

24. A method changing over to a different frequency in
accordance with claim 19, wherein:

said first base station transmits data by compressing said
data 1n the time and also makes a data vacant time 1n
which data 1s not transmuitted, and

said mobile communication terminal measures said recep-
tion quality of said second frequency in said data
vacant time.
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